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Measuring the output of men and women in science and technology has previously been mostly restricted
eywords:
easurement

&D output
ender equality

to case studies or small-scale surveys. Based on an analysis of patent and publication databases, this paper
applies a methodology to systematically assign the gender to the names of inventors and authors. The
method is applied to 14 countries. The results of this investigation reveal substantial differences across
countries in terms of women’s relative contribution1 to science and technology, with the central European
countries of Germany, Austria and Switzerland all ranking comparatively low in this respect. We also
examine trends over time, showing that the data on women’s share of publications – unlike the results

ase o

ender-specific patenting
ender-specific publishing for patents – hardly incre

. Introduction2

Globalisation, advanced technologies, demographic change and
igration strongly shape modern societies. To sustain their com-

etitiveness, an optimised and effective usage of human capital
s essential: education and qualifications have therefore become
mong the most crucial factors in recent years. In times of short-
omings in the labour market, with increasing demand for highly
ualified personnel but a shrinking supply, not least because of
he demographic trends in most industrial countries, an efficient
nd sophisticated use of investments in human capital is essen-
ial. In particular, facilitating higher qualifications among women
nd their broader participation in the labour market are amongst
he most important means to overcome these shortcomings and
rends.

Although in recent years some structural changes in this direc-
ion are apparent, further improvement is nevertheless desirable.
tatistics on the gender-specific distribution of qualifications reveal
hat, at least for the EU-25 countries (European Commission, 2006b,

. 55), more than half of the graduates (59%) from European uni-
ersities in 2003 were women. In the same year, women completed
3% of the doctoral theses that were examined and 32% of the
abilitations. Yet there were only 15% female professors employed

∗ Corresponding author. Tel.: +49 721 6809 197; fax: +49 721 6809 260.
E-mail address: rainer.frietsch@isi.fraunhofer.de (R. Frietsch).

1 We should emphasize that use of the term “contribution” is not intended to
mply any appraisal of the research activities involved.

2 Part of this work was funded by the Federal Ministry of Education and Research
BMBF) of Germany and was published in the annual report on the “Technological
ompetitiveness of Germany”.

048-7333/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.respol.2009.01.019
ver time for the already better-performing nations.
© 2009 Elsevier B.V. All rights reserved.

at universities. Compared to previous years, all these percentages
had increased, but one rule still holds true: the higher the aca-
demic degree or position, the lower the share accounted for by
women. These statistics reveal the well-known phenomenon of
the ‘leaky pipeline’, by which the proportion of women tends to
decrease as they approach higher steps of the ladder (Commission
of the European Communities, 2003). Figures for the United States
likewise show the disappearance of women at each successive
academic career stage (United States Government Accountability
Office, 2005). This finding can be confirmed in most OECD countries
(OECD Employment, 2006).

More effective use of female human capital is potentially one
of the best ways to enhance the competitiveness and quality of
the knowledge-based society. The problem confronting most tech-
nologically advanced societies is due not only to the absence of
suitably qualified employees but also to an allocation problem with
regard to female human resources. Recognising the resulting need
for change is the first step, along with understanding the factors
that constrain women from pursuing a scientific career. From an
individual point of view, women often find themselves in the posi-
tion of having to choose between family and career. At the level
of society, there is a broader ‘economic dilemma’ using the scien-
tific and economic potential of women to better effect may, at the
same time, lead to fewer offspring, something that may be equally
detrimental to the prosperity of society; for, as various studies have
shown, better educated women on average tend to have fewer chil-
dren (Duschek and Wirth, 2005; Holz, 2003; Wirth and Dümmler,

2005).

Political efforts have been made that aim to secure the more effi-
cient utilisation of highly qualified human capital, for example by
encouraging women to study and work in the area of science and
research, or by changing the framework conditions to help indi-

http://www.sciencedirect.com/science/journal/00487333
http://www.elsevier.com/locate/respol
mailto:rainer.frietsch@isi.fraunhofer.de
dx.doi.org/10.1016/j.respol.2009.01.019
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iduals balance their family and career. Some studies that have
nalysed the incomes of men and women have found significant
isparities (Ammermüller and Weber, 2005; Ehrenberg and Smith,
003; Machin and Puhani, 2003). The ‘Report on Equality between
omen and Men, 2006’, published by the European Commission,

efers to the principle of equal gender treatment, which should
ave been accomplished in all Member States by October 5th, 2005
European Commission, 2006a, p. 8). In order to acquire better infor-

ation on developments in this area, the European Commission
as suggested creating a European Institute for Gender Equality
European Commission, 2005). Currently, the European Council and
he European Parliament are deliberating on this proposal. Aware-
ess of the nature and scale of the problem is obviously important

or the draft European law regarding gender mainstreaming (Euro-
ean Union: Gender Equality).

The preceding discussion highlights the fact that most of the
nalyses in this area have focused on the input side of human cap-
tal and the challenging aspects of demography and knowledge
ntensification. Particularly in research and development (R&D)
rocesses and projects, ensuring adequate inputs of human (and
nancial) capital is clearly of crucial importance. However, only a
elatively few attempts have been made to measure the R&D out-
uts of women, which is the focus of this study. Most often these
ttempts have used surveys or case studies, while few have been
ble to make use of large-scale quantitative data. In this paper, we
xamine the extent to which women contribute to the outputs from
cience and technology. A range of countries3 are considered in
rder to allow direct comparisons. The immediate objective of this
aper is to explore how far the chosen methodological approach
an help us understand the nature and the causes of the problem.

The paper is organised as follows: in the next section, some ear-
ier work in this area is surveyed. The methodological approach is
resented in Section 3. Existing patent and publication databases
re described and we outline how the required information about
he scientific contribution of women is obtained by combining
hese databases with country-specific lists of first names.4 Some
etails on patent application and publication data are given in
ection 4. In Section 5, the results are presented and discussed.
inally, Section 6 concludes that there are significant differences
n women’s output in technology and science between the investi-
ated countries. Some explanations for this finding are offered.

. Previous research

Various studies have dealt with questions of gender main-
treaming and with the relative chances of men and women
ttaining senior positions in companies or universities, study-
ng certain subjects, being able to combine family and career, or
eing successful as an entrepreneur. Some of these studies have
ttempted to make comparisons across countries. However, since
tructures, laws and regulations are all important in this context,
ost studies have tended to focus on individual countries. Some

f the authors of these studies have used qualitative data obtained
rom interviews or observations; others have used quantitative data

rom their own surveys or small-scale exercises based on the match-
ng of data.

Eurostat (Frank, 2006) recently published a report analysing the
hare of R&D personnel in Europe and other regions, including a

3 Australia (AUS), Austria (AUT), Belgium (BEL), Denmark (DEN), France (FRA),
ermany (GER), Ireland (IRL), Italy (ITA), New Zealand (NZL), Spain (ESP), Sweden

SWE), Switzerland (SUI), the United Kingdom (GBR) and the USA (USA).
4 This list is derived from Naldi and Vannini Parenti (2002a,b); it was extended

nd developed by Fraunhofer ISI and by the Institute for Economic Policy Research
IWW) at the University of Karlsruhe.
icy 38 (2009) 590–599 591

breakdown by gender. Amongst other results, they found that Latvia
(53.1%) and Lithuania (48.3%) had the highest proportion of female
researchers in 2003, followed closely by Bulgaria (46.6%). In con-
trast, Germany (19.2%), Luxemburg (17.4%) and Japan (11.6%) were
the countries with the lowest proportion of female researchers. In
another study, the European Commission took a closer look at the
situation of women in research and development, and in science
and technology fields. One of their findings was that across the EU
only 29% of researchers are female. Moreover, they found that “in
higher education, only 15% of those at the highest academic grade
(grade A) are women” (European Commission, 2006b, p. 8).

Xie and Shauman (1998, 2003) have analysed the representation
of women in science and engineering in the United States. Their
1998 study yielded two key findings: first, the gender gap in terms
of research productivity declined over the period between 1969
and 1993. Second, differences regarding the research productivity
of men and women can largely be explained in terms of differences
in personal characteristics, structural positions and marital status.
The 2003 study considered education in science and engineer-
ing, distinguishing four categories: biological science, engineering,
mathematics and computer science, and physical science. Xie and
Shauman (2003) emphasize differences in the academic structures
in which female and male scientists are located. However, if the dif-
ferences in the distribution of resources such as space, equipment,
and time are taken into account, the productivity gap between men
and women seems to be negligible.

Long (2001) also reports changes in the science and engineering
careers of women between 1975 and 1995. Data for this analysis
were obtained from two National Science Foundation databases,
the Survey of Earned Doctorates for New PhDs and the Survey of
Doctoral Recipients for the science & engineering doctoral work-
force. The study’s most fundamental finding is that, while females
are earning an increasing proportion of the doctorates in science
and engineering, they are not participating in the S&E workforce at
commensurate levels.

Ding et al. (2006) analysed longitudinal data on academic
careers and conducted interviews with faculty members to deter-
mine the scope and causes of the gender gap in patenting among
life scientists. The study evaluated a random sample of 4227 life
scientists over a 30-year period. It revealed that female academic
scientists patent at about 40% of the rate of men. However, Ding
et al. (2006) found that the gender gap has decreased over time,
although it still remains large.

In earlier decades, Zuckerman and Cole (1975) and Cole and
Zuckerman (1984) found evidence that women publish less than
men and that the quality of their publications is lower. More
recently, Penas and Willett (2006) also found evidence for dif-
ferences in the productivity of men and women, but not for the
quality of their work, at least as measured by citation counts. Zuck-
erman and Cole offered several explanations for this puzzle, one
being that women choose institutional settings where publishing
is not expected or encouraged. Furthermore, marriage and mother-
hood may keep women away from publishing, as may institutional
discrimination, these providing two further possible explanations.
None of these explanations is completely satisfactory, however, and
the conclusion is that structures and framework conditions mat-
ter and these have to be carefully monitored and controlled when
differences in the productivity of men and women are discussed.

More recent empirical evidence suggests that, even though
women’s productivity is still below that of men, children and moth-
erhood are not apparently able to account for this difference (Fox,

2005; Stack, 2004). This contradicts Long (1990), who previously
found some evidence that motherhood has a negative impact on
networking activities in the early years of the career and thereby
an indirect negative effect on productivity. A relatively new and
interesting perspective analyses the degree of specialisation of indi-
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crasies. As a data source to establish our offline database for an
analysis of gender-specific contributions to technological perfor-
mance, we used information provided by the EPO via the so-called
PATSTAT8 database. By combining several databases, we have been

6 Further details on the methodological approach are given in a paper by the
authors on “New Possibilities for Measuring the Gender Specific S&T Output” (in
preparation).

7 It is obvious, for example, that German applicants and inventors account for
much higher shares of patents in Germany than in France, and conversely that French
applicants and inventors have a much lower share in Germany than in France—even
after a correction has been made for size differences. This effect is known as the
92 R. Frietsch et al. / Resear

iduals within research areas, arguing that women lose out in terms
f productivity by specialising less clearly in their topic on average
han men (Leahey, 2006).

Differences in the productivity of female researchers have also
een found by Prpic (2002). Based on Croatian data, she claims
hat differences in the productivity of men and women have even
een increasing in recent years. The qualificational background of

ndividuals is not able to explain the unequal outcomes, but the
xact position within the research institution and also international
etworking do account for at least some of the differences.

Bunker Whittington (2006) and Bunker Whittington and Smith-
oerr (2005) have been able to link the inputs and outputs of
omen in the research process. Based on a survey, they find that

he sector of the institution – whether it is in industry or academia
has a significant impact on the outcome of this process. How-

ver, they conclude that the difference in the propensity to publish
r patent between men and women in industry compared with
hose in academia has its origin in different opportunity structures.

omen – actively or passively – do not have the opportunities to
ublish to the same extent as their male counterparts, for example
ecause they are not encouraged to do so or because they choose

ess exploitable research areas. The latter is similar to the explana-
ion offered by Zuckerman and Cole (1975). Concerning patenting,
he most interesting finding is that women entered the patenting
ystem file at similar rates to men (Bunker Whittington, 2006, p.
9) – at least in the academic sector. This latter result is also found
or the publications of Spanish researchers, when their position is
ontrolled for (Mauleón and Bordons, 2006). However, in a two-
tage model Bunker Whittington and Smith-Doerr (2005) were able
o show differences between the academic and commercial sector,
nd the difference in the number of patents filed is persistent, even
f the level of involvement – in terms of patenting vs. not patenting
t all – is controlled for.

Moody (2004) and Moody and Light (2006) focus on collabora-
ion networks in sociology, with Moody (2004) looking in particular
t co-authorship. Amongst other things, these authors estimate the
ffects of gender on the collaboration and the position in a network
y linking first names to the gender distribution of first names in the
ensus. Moody suggests that co-authorship networks differ by gen-
er: women are strongly integrated into the overall network core of
he discipline whereas males are less likely to be a co-author. Naldi
nd Vannini Parenti (2002a,b) and Naldi et al. (2004) use patents
nd publications to analyse the contribution of women to scientific
nd technological development. They created a database of 8291
rst names (differentiated by six countries or languages).5 After
pplying their first-name database (FNDB) to the patent applica-
ion and publication data for the year 1998, they show that women
re rather more heavily involved in producing publications than
atents. If we compare countries, the one with the highest percent-
ge of female inventors is Spain, followed by France and Italy, while
n the scientific arena, Italian women have the highest share, fol-
owed by Spain and France. A study by Burkhardt and Greif (2001)
ocuses on the extent to which women in Germany contribute to
he technological development as reflected in patent data. Amongst
ther things, they conclude that the proportion of patent applica-
ions by women has increased by about 60% between 1995 and
999, but the absolute value (3.5–7.5%) is still relatively small.

To sum up, there has been a series of studies that deal with the

ssue of the participation and productivity of females in science and
echnology. The survey of the empirical literature presented here
hows one clear finding: the proportion of women decreases with
n increasing level of education and seniority. Furthermore, women

5 United Kingdom, France, Germany, Italy, Spain and Sweden.
icy 38 (2009) 590–599

are – for one reason or another – less active in publishing and
patenting than men. However, there is only relatively little evidence
based on cross-country comparisons; most of the results in this area
are based on case studies or restricted surveys. The application of
large-scale databases in gender research in order to draw interna-
tional comparisons over long time periods remains a challenging
task. In this study, we attempted to address this gap by electroni-
cally combining large-scale and cross-country databases on patent
applications and publications with the first-name database (FNDB)
originally developed by Naldi and Vannini Parenti (2002a,b) and
Naldi et al. (2004). In this way, we have been able to extend the
range of scientific and innovation indicators that can be subject to
a rigorous analysis in terms of the gender dimension.

3. Methodological approach6

As part of the mechanism for the protection of intellectual prop-
erty, patents play a specific and crucial role, not least because the
formal requirements for patent applications are very strict. From
an analytical perspective, patents can be viewed as an indicator
of the codified knowledge of enterprises, and, in a wider perspec-
tive, of countries (Frietsch and Schmoch, 2006; Schmoch and Hinze,
2004). This study uses patent applications rather than granted
patents, partly because the former are published earlier and partly
because they better reflect the technological competitiveness of an
invention (whereas the latter reflect the economic competitive-
ness and market strength of the inventor as well as the market
attractiveness of the invention). It can be assumed that patent
applications are preceded by often quite large investments in the
research and development process (Grupp, 1998, pp. 145–147; Kash
and Kingston, 2001). Therefore, patents can be regarded as an out-
put indicator (or a success indicator) of research and development
(R&D) processes (Freeman, 1982, p. 8). On the other hand, most
technological inventions are used to help develop new or improved
products or processes, which are then made available on national
or international markets. Thus, patents can also be interpreted as
input or throughput indicators with regard to the future market
activities of enterprises, sectors or countries. In this respect, they
may act as early signals of future competitiveness.

European patent applications are used in this study, since, at this
trans-national office, the ‘home advantage’ of different countries is
not as large as in most national offices.7 Furthermore, European
filings involve the same methodological and administrative pro-
cedures and are therefore easier to compare across countries than
filings at several national offices, each with its own national idiosyn-
‘home advantage’. To compensate for this, the concept of Triadic patents (with appli-
cations in Japan, the US and Europe at the same time) has been introduced. For
several reasons, it was not possible to apply this method here, not least because
Triadic patents only reflect a small subset of all patent filings and their topical-
ity is restricted. Since we are more interested in the question of who applies for
patents, and less in the question of where they are applied for or how internation-
ally relevant and “profitable” these filings are, we decided to use only EPO patent
applications (including all filings that enter the EPO via the PCT (Patent Cooperation
Treaty) route).

8 EPO Worldwide Patent Statistics Database, further referred to as PATSTAT.
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ble to set up a complete database, containing all relevant infor-
ation in a form that we could combine with the country-specific

ists of first names. Due to certain characteristics of the application
rocedure and the fact that there are at least three ways in which
ne can chose to file an EPO patent, our analysis ends in the year
005. This is the latest year for which data are completely available
t the time of data extraction.

Scientific publications, on the other hand, are the most impor-
ant output of the (public) research system (Moed et al., 2004; Van
aan, 1988). These range from conference proceedings, reviews,
nd books to journal articles. In this paper, we focus on the latter as
hey systematically reflect – in many scientific fields, at least – the

ost recent findings. Whereas the production of books and con-
erence proceedings are dependent on less systematic factors, the
umber of articles in scientific journals is less erratic, and changes

n structure and trends can therefore be more readily interpreted.
Just as for patent applications, it is essential for the publication

nalysis to have the full first names in order to identify the gender
f the authors. Unfortunately, most databases on scientific papers
bbreviate those first names, even if they are available in the jour-
al. For example, the Science Citation Index uses only the initials
f the first names.9 Fortunately, a new database has been set up by
lsevier, which is called ‘Scopus’.10 Besides a very extensive cov-
rage of journals from all scientific areas, a database on authors
as been established by integrating various information sources;
his gives the full first name for most authors, provided the name
s available somewhere in the database. Based on an extraction of
nformation from the ‘Scopus’ database that Elsevier provided us

ith, we analysed the respective contributions of male and female
esearchers to the research system in selected countries.11 On the
asis of their impact factors,12 about 300 leading journals in eight
cientific areas were chosen, and the data for a period from 1996
o the present was analysed, using the same broad approach as for
he patent analysis.

Comprehensive and country-specific lists of first names, as first
eveloped by Naldi and Vannini Parenti (2002a,b), were applied to
he database of patent applications as well as to the publications for
selection of leading countries.13 The subtle ‘country-specific’ dis-

inction is not only necessary to later obtain information on the
ountry-specific research activities of female scientists, but also
ecause the associated gender of certain first names occasionally
aries between countries; in other words, a name may be used for
en in one country, whereas the same name in another country
ay be a typical female first name.14 With this procedure, in many

ases the gender of the inventors or authors can be assigned reason-
bly unambiguously. However, in some cases, the gender cannot be

dentified, for example because of ‘foreign’ first names. This is due
o the fact that, in a given country, some people may have migrated
rom other countries, while some names from other languages or
ultures may also have diffused into that society. In the present

9 Another methodological approach is described in Mauleón and Bordons (2006).
10 http://www.scopus.com/ (accessed on 19.04.2007).
11 Similar to the Science Citation Index, Scopus covers mainly internationally rele-
ant journals, which – as a matter of fact – are mainly in English. On the other hand,
he journals are not only in English, but the database also covers national journals
n national languages. However, English-speaking countries are over-represented
n the database. This bias would even be higher in social sciences and humani-
ies, which we excluded from our analyses, as these scientific areas are much more
ationally oriented. Furthermore, since we use relative instead of absolute indica-
ors, the language bias should be mostly compensated.
12 For a detailed description of the computation of the impact factor, see Thomson
2007).
13 Australia, Austria, Belgium, Denmark, France, Germany, Ireland, Italy, New
ealand, Spain, Sweden, Switzerland, the United Kingdom and the USA.
14 For example, ‘Andrea’ is a masculine first name in Italy, but a feminine first name
n Germany.
icy 38 (2009) 590–599 593

study, only countries with a maximum of 15% of unknown names
have been included, implying that the gender of the author could
be attributed in at least 85% of the names. Employing this strategy
on patent applications yielded 14 countries for further analysis. To
facilitate the comparison of results, the same 14 countries were
chosen for the publication analysis.

There is a series of indicators that are commonly used to mea-
sure the patenting and publishing activity of scientists (cf. Naldi and
Vannini Parenti, 2002a,b; Naldi et al., 2004; Burkhardt and Greif,
2001). Different ‘dimensions’ of measurement can be distinguished
– for example, the frequency of publishing or patenting, the extent
of collaboration with others, and the utilization of the results of
the research or technological activities. The choice of the most suit-
able indicator is determined by the underlying research question.
There is no single index of scientific or technological output that is
completely adequate or universally accepted (cf. Long, 1992). The
present study focuses on measuring the degree of involvement of
women in technological and scientific activities. To determine their
involvement, several indicators need to be taken into account.

The first possibility is to compute the proportion of teams with at
least one woman involved. This index counts any patent application
(or publication) in which a woman is involved. The actual number of
women per team has no impact on the value of this particular indi-
cator. A second possibility is to calculate the proportion of women in
relation to all inventors or researchers. The actual number of patent
applications (or publications) does not have any influence on the
value of this indicator. The team size is not considered in either the
first or the second possibility. However, since we consider the team
size to be quite relevant when determining the actual technologi-
cal and scientific contribution of women, we decided to choose an
indicator that includes the number of patent applications (or publi-
cations), the share of women per patent application (or publication)
and the team size.15

The calculation involves several steps. First, the share of
women/men per team is computed assuming a uniform contribu-
tion: for example, if five inventors (including two women) together
apply for a patent, each of them is assumed to contribute 1/5th,
and the share of women then is 2/5th. Second, the sum of these
shares over all patent applications (or publications), differentiated
by sex, is calculated. Finally, this sum is divided by the total number
of patent applications (or publications) in the sample. To put it in
other words, the contribution of men and women is calculated on
the basis of ‘fractional counts’ of co-inventors (or co-authors).16

4. Data

4.1. Patent applications

Patent applications for 5 priority years (1993, 1996, 1998, 2000,
2001) and 14 countries were gathered using the filings to the
EPO. In total, the analysis was successfully performed for 2,413,438
inventors. ‘Successful’ refers to our ability to ascertain both the

nationality17 and the gender of an inventor; in some cases, the full
first name and nationality of an inventor is given, but the analysis
could not be accomplished due to the difficulty mentioned earlier
of dealing with ‘foreign’ first names.18 Further analysis proved that

15 The results based on the two other indicators are available on request.
16 Fractional counting is an established technique in bibliometric analysis when

dealing with multi-author or multi-institutional publications.
17 The inventor comes from one of the 14 countries considered here.
18 The respective shares of identified inventor names in relation to the total number

of names per country from 1991 to 2005 (in % terms) were as follows: AUT (97.0), GER
(96.9), ITA (95.8), FRA (94.0), SUI (93.3), ESP (92.7), GBR (92.1), NZL (90.6), IRL (90.6),
BEL (89.0), SWE (89.0), AUS (88.8), DEN (88.2), USA (81.1). In the case of multilingual
countries such as Switzerland (German, Italian, French) and the United States of

http://www.scopus.com/


594 R. Frietsch et al. / Research Policy 38 (2009) 590–599

Table 1
Distribution of scientific areas in the extracted database and in the complete Scopus database.

Scientific areas #Publications (excerpt) % of publication (excerpt) Scopus % Scopus Weights

Biology 5,007 12.3 97,863 6.6 0.53
Biomedical sciences 5,831 14.3 162,726 10.9 0.76
Chemistry 5,861 14.4 167,408 11.2 0.77
Earth and space 3,721 9.2 346,334 23.3 2.53
Engineering 3,324 8.2 102,213 6.9 0.84
Clinical medicine 9,989 24.6 337,812 22.6 0.92
Mathematics 1,363 3.4 114,046 7.7 2.26
P 160,847 10.8 0.79

T 1,488,949 100.0
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Table 2
Women’s ‘contribution’ (patent applications), 1991–2005.

1991 1996 2001 2005 2003–2005

ESP 7.5% 9.3% 11.1% 14.2% 12.3%
FRA 6.0% 7.5% 9.9% 9.9% 10.2%
DEN 5.0% 8.7% 8.1% 8.2% 8.9%
AUS 4.4% 6.1% 12.2% 8.1% 8.3%
USA 6.3% 7.7% 8.8% 8.2% 8.3%
BEL 5.0% 6.6% 7.9% 8.4% 8.1%
SWE 5.2% 4.8% 6.7% 8.6% 7.6%
ITA 4.9% 5.1% 6.7% 7.6% 7.4%
NZL 2.1% 6.6% 10.1% 7.2% 6.7%
GBR 4.0% 5.7% 6.2% 6.7% 6.4%
IRL 3.5% 6.9% 7.4% 7.9% 6.4%
hysics 5,547 13.6

otal 40,643 100.0

ource: Elsevier: Scopus; own computations.

he majority of inventors came from the United States (35.2%) and
ermany (29.4%). In the dataset, the other countries had shares well
elow 10%; Ireland and New Zealand had shares of less than 0.3%,
hich is due both to their size and to their ‘distance’ from, or ‘ori-

ntation’ towards, the EPO. All values have been suitably rounded.

.2. Publications

Publication data for 4 years (1996, 2000, 2002, 2005) and for 14
ountries were extracted electronically from the Scopus database.
n total, data on 274,921 publications were extracted. From these,
e were able to make use of 161,583 (58.77%) publications (where

ull first names were given, where at least one author came from
ne of the 14 countries considered here, and where the gender
f the named authors could be ascertained19). As with the patent
pplication data, the ‘hit rate’ for the publication data varied across
ountries.20 In general, the percentages fell below those for the
atent data. One possible explanation for this could be the high
obility of researchers: as researchers migrate into other countries

nd publish their work, their first name may not be on our list for
hat country and therefore cannot be assigned a gender using the
rst-name database.

In total, the extracted data included 1,322,102 authors. 490,244
ames (131,160 (26.75%) of which were female) could be used

or further analysis. The remaining 831,858 names (62.9%) are not
ncluded in the first-name database and therefore could not be pro-
essed further. Considering the distribution of authors in terms of
heir nationality, a similar picture as for the patent application data
s revealed: the majority of authors originate from the United States
f America (53.6%), 11.0% of the authors come from Germany. In the
ataset, the other countries had shares below 10%; Ireland and New
ealand had shares of less than 0.5%. All values have again been
ounded.
The publications were assigned to eight research areas.21 Since
he distribution in the extracted database and the distribution in the
omplete database did not match exactly, the data in the former
ere weighted accordingly. Table 1 shows the distribution in the

merica (English, Spanish), more than one name list was employed.
19 That is, it was possible to identify the gender by applying our first-name
atabase. Scopus provides full first names for the authors, if these are available in
he journals.
20 The respective shares of identified author names in relation to the total number
f names per country from 1996 to 2005 (in %) were as follows: AUT (93.1), AUS (82.8),
EL (78.0), SUI (90.4), GER (91.9), DEN (77.3), ESP (86.1), FRA (89.8), GBR (84.3), IRL
85.1), ITA (94.5), NZL (84.3), SWE (85.4), USA (75.6). In the case of multilingual
ountries such as Switzerland (German, Italian, French) and the United States of
merica (English, Spanish), more than one name list was employed.
21 To ease comparability, similar fields were chosen as for the patent applications.
ocial sciences and humanities are not considered, due to the lack of patentability.
urthermore, the English language bias deters from an internationally compara-
ive analysis of these fields. Certainly, in these fields the share of women might
ignificantly differ from the share of women in science and technology.
SUI 1.6% 3.3% 5.7% 5.9% 5.9%
GER 2.4% 3.2% 4.5% 4.9% 4.7%
AUT 2.2% 3.1% 3.3% 2.9% 3.2%

Source: EPO: PATSTAT; own computations.

extracted database and in the complete database for the year 2005.
As can be seen, the scientific areas ‘Earth and Space’ and ‘Mathe-
matics’ were under-represented. Therefore, publications from these
two scientific areas were multiplied by a factor of 2.53 and of 2.26
respectively. The weightings for the other scientific areas were all
smaller than one, meaning that these scientific areas were more
strongly represented in the extracted database than in the com-
plete database. This bias could be adjusted with the corresponding
weightings. On the basis of this adjustment, the distributions in the
extracted database and in the complete database could be assimi-
lated. As a result of the adaptation, minor changes of the indicator
values occurred. However, there is a strong positive correlation
between the weighted and unweighted indicator values (with a
correlation coefficient > 95%).

5. Results

5.1. Patent applications

As already mentioned, we restrict our analysis to one of the three
possible indicators, namely the respective ‘contribution’ of men and
women, which is the sum of the fractional counts of men’s and
women’s contribution to patents.22 It can be seen from Table 2 that
the relative contribution of women over the years 2003–2005 –
averaged across all technological fields – is highest in Spain (12.3%),
followed by France (10.2%) and a group of countries with similar
levels (of more than 8%) consisting of Denmark, Australia, the USA,
Belgium and Sweden. At the lower end of the scale, Germany (4.7%)

and Austria (3.2%) rank last, a considerable distance from those to
the top. The general trend over time has been a strong increase in
women’s contribution to technology output in most countries, but
it is still at a relatively low level. Moreover, the growth rates have

22 The results based on the other indicators are available on request.
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Table 3
Shares of women’s contribution by technological fields, 2003–2005 (in %).

SUI GER ESP FRA GBR ITA SWE USA Totala

Pharmaceuticals 18.9 19.4 26.4 32.9 16.2 28.3 26.4 18.8 21.0
Basic chemicals 9.2 9.1 15.8 16.5 12.0 15.7 10.3 11.0 11.1
Textiles, furniture, food 5.1 5.7 10.8 8.6 9.0 5.4 7.5 10.7 7.7
Polymers, rubber etc. 6.1 5.5 11.4 8.9 5.0 7.9 5.8 8.4 7.2
Medical equipment 3.2 5.1 15.4 6.8 6.0 7.4 17.3 6.8 6.6
Electronic components 2.7 3.8 8.8 10.3 5.0 9.7 6.8 6.5 6.3
Optics 9.9 4.6 10.2 10.3 7.5 5.6 1.9 6.3 6.2
Non-polymer materials 3.8 4.1 11.8 9.2 3.4 4.2 15.1 7.7 6.0
Measurement, control 4.2 3.7 12.0 8.3 5.7 8.2 6.6 7.0 5.8
Computers, office machinery 4.0 2.9 1.1 6.3 2.7 5.0 3.6 6.7 5.4
Audio-visual electronics 6.0 1.9 4.9 7.9 2.9 9.3 0.0 7.3 5.4
Telecommunications 1.6 2.3 8.5 8.2 3.8 8.2 3.1 6.5 5.2
Electrical machinery, energy 2.5 1.9 3.9 4.3 5.6 4.8 1.0 3.7 3.0
Metal products 3.9 2.4 3.8 1.9 2.9 2.8 3.8 5.7 3.0
Special machinery 2.6 2.0 8.2 3.9 3.4 2.4 4.9 3.9 2.8
General machinery 2.0 2.2 4.8 5.4 1.3 1.6 2.2 3.7 2.7
Transport 2.0 2.0 3.9 3.6 2.0 2.6 5.1 3.3 2.6
Energy machinery 0.9 1.2 4.5 3.7 2.8 3.4 1.3 3.2 2.2
M 4.0 1.5 0.8 2.3 3.5 1.8
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Table 4
Shares of women’s ‘contribution’ (publications), 1996–2005.

1996 2000 2002 2005

ITA 27.8% 26.6% 29.3% 30.5%
ESP 26.8% 27.1% 30.4% 28.0%
FRA 27.1% 27.6% 26.5% 27.7%
SWE 16.7% 21.3% 24.0% 24.5%
BEL 17.1% 22.0% 24.1% 24.2%
USA 20.6% 21.4% 22.6% 24.1%
GBR 18.4% 19.2% 20.7% 22.7%
DEN 16.1% 18.7% 20.6% 22.0%
AUS 17.3% 21.4% 22.0% 21.4%
GER 15.2% 15.2% 17.8% 19.2%
NZL 10.9% 16.4% 19.1% 18.9%
AUT 16.7% 16.0% 19.5% 18.7%
achine-tools 1.6 0.9 0.0

ource: EPO: PATSTAT; own computations.
a Total includes all 14 countries included in the study.

attened out since 1996 in most countries and a dynamic increase
s hardly visible anymore. After 2001, the share accounted for by

omen actually decreased in the USA, while it stagnated in France,
enmark and Switzerland.23

Some explanation for the differences between the countries can
e found in Table 3, where a breakdown of women’s contribution by
9 technological fields is provided – based on the main IPC classes.
mall countries – in terms of European patent applications – are
xcluded from this table, although their results are included in the

Total’ column.
Pharmaceuticals has the highest women’s contribution (21%)

nd is at the same time one of the largest fields in terms of patent
lings analysed here, thus accounting for the highest weight in the
istribution of many countries. Basic Chemicals ranks second in
his list of technological fields, though a substantial way behind
harmaceuticals. In the middle of the range, the Electronics and
lectrical Equipment fields can be found along with Telecommu-
ications and Computers. At the lower end are the engineering
echnologies, where the shares corresponding to women’s contri-
ution to technology production fall below 4%. Furthermore, these
atterns seem to hold – more or less – for all countries under obser-
ation here. Consequently, in countries where Pharmaceuticals or
asic Chemicals play a major role, the women’s contribution tends
o be higher, while in countries that are more active in engineering
t is lower.

Comparisons across countries show similar patterns with a
ew interesting exceptions. Germany is below the average in all
elds, with some technological areas like Audio-visual Electron-

cs or Telecommunications being – in relative terms – much lower
han the average. Spain, in contrast, is far ahead in Chemistry and
elated fields, whereas the women’s share is rather low in Electron-
cs and the like. Most interesting to note are the low shares of female

atenting in the USA in the top two fields of Pharmaceuticals and
asic Chemicals. Overall, the USA comes below the international
verage. For smaller countries, such a result might be explained by
ize effects, but not apparently in the case of the USA.24 This result

23 The data for New Zealand, Ireland and even Austria cannot readily be interpreted
n a year-by-year basis due to the very low absolute numbers of female patents,
hich strongly affects the relative values.

24 In the 3-year period 2003–2005, the female contribution to the US patent
ortfolio accounts for 354 (fractional) patents in Basic Chemicals and 1325 in Phar-
aceuticals.
SUI 15.5% 16.6% 18.0% 18.3%
IRL 13.7% 18.1% 24.1% 17.5%

Source: Elsevier: Scopus; own computations.

casts light on the above finding concerning the decreasing total
female share in the USA. Especially in Chemistry-related fields, a
relative decrease in female patenting is visible, whereas the shares
in most other countries were increasing over the same period, with
the result that the total female share has been stagnating since 2000
(see Fig. 1).

5.2. Publications

Likewise in the case of publications, focussing on one indicator
only – women’s relative ‘contribution’ as calculated from the frac-
tional count of female authorship – is advisable in order to keep
the discussion clear.25 It should be noted that women’s percentage
contributions are higher for publications than for patents in any
country (see Table 4). The values for the year 2005 vary between
17.5% for Ireland and 30.4% for Italy, while the minimum and max-
imum values for patent filings in 2003–2005 were 3.2% and 12.3%,
respectively.
The women’s relative contribution to scientific publications is
highest in Italy, France and Spain. While France and Spain also per-
formed very well in terms of patents, the high ranking of Italy is
somewhat surprising as it ranks below average in terms of patents.

25 The publication data have been weighted according to the procedure described
above for patents.
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Fig. 1. Total * shares of women’s contribution to technology output in five technology areas, 1991–2005. Source: EPO: PATSTAT; own computations.
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after the year 2000. Among the fastest growing countries are Swe-
den, Belgium, Denmark and New Zealand, which increased their
shares of women’s output by nearly 50% or more. In short, the over-
Fig. 2. Total * shares of women’s contribution to scientific o

ermany, Austria and Switzerland are again at the lower end of
he distribution, a result that fits in with the earlier findings from
he patent analysis. New Zealand and Ireland show low levels of
omen’s contributions to scientific publications, which was not the

ase for patents to the same extent. The reasons for this cannot be
stablished with any certainty at this point, but it is obvious that
ne cannot simply extrapolate from men’s and women’s engage-
ent in science to their relative contributions to scientific output.

ssues such as employment rates in public and private research, the
ole of public and private employment in the economy, the level
f involvement in different scientific and technological fields, and
o on, all have to be considered as well as the previously men-
ioned structural factors. Germany, for example, has relatively low

hares of female researchers in both the public and the private sec-
or. Ireland, on the other hand, has a comparatively high share of
omen in the public sector, but a relatively low share of women in

ndustry. Furthermore, looking at the shares of female researchers
n the higher education sector, Ireland is among the top countries
, 1996–2005. Source: Elsevier: Scopus; own computations.

in Europe26 – a finding that is in direct contradiction to our findings
on the output of women in these countries, both in patenting and
publishing.

It is interesting to note that the data on women’s share of pub-
lications – unlike the results for patents – hardly increase over
time for the already better-performing nations. The shares for Italy,
Spain or France – as shown in Table 4 – have remained fairly con-
stant over the 10-year period under examination here. However,
if we take all 14 countries (see Fig. 2), an increasing trend is visi-
ble – even stronger than in the case of patent filings – especially
all trend is driven not so much by the already better performing

26 The data are for 2004, and are derived from Eurostat: New Cronos; see
http://epp.eurostat.ec.europa.eu.

http://epp.eurostat.ec.europa.eu/
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Table 5
Shares of women’s contribution by scientific areas, 2005 (in %).

SUI GER ESP FRA GBR ITA SWE USA Totala

Biology 27.2 30.1 36.9 40.8 30.6 48.4 27.6 32.3 33.0
Bio-medicine 28.4 26.4 39.8 36.7 29.5 44.2 33.5 30.2 31.5
Clinical medicine 19.2 18.5 28.4 29.0 23.9 31.9 28.4 26.1 25.9
Chemistry 19.3 15.8 34.8 26.8 22.4 41.2 25.8 22.1 23.8
Geo-science 17.1 22.3 30.4 28.8 24.4 23.8 23.9 22.3 23.0
Engineering 17.2 15.7 27.5 24.6 16.6 31.8 22.2 18.9 20.2
Physics 10.9 12.5 18.5 20.6 15.3 20.2 14.8 18.2 17.2
M .1
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athematics 12.6 11.7 13.5 16

ource: Elsevier: Scopus; own computations.
a Total includes all 14 countries analysed in the study.

ations in terms of female publishing but by a catching-up of other,
ower-placed nations.

Analysing the different research areas for the year 2005, we see
hat approximately one quarter (24.7%) of the publications come
rom the field of Clinical Medicine. In the dataset, the field with
he fewest publications is Mathematics (3.3%). Regarding the shares
f women’s contribution in each research area (see Table 5), Biol-
gy turns out to have the highest share (33%) and Mathematics the
owest (16.5%). And these relations are more or less similar across
ll five countries under detailed consideration here.27 Except for
eo-science in the countries of Germany, France and the United
ingdom, a field that ranks higher in these countries than on aver-
ge for all 14 countries, the ranking is close to that for the total.
f note are the high shares of Chemistry and Engineering in Italy,
hich has a considerable impact on the relatively high value of

0.4% for Italy as a whole across all scientific fields, while Biology
nd Bio-Medicine show nearly equal shares for men and women,
lthough these are too small to have a major impact on the Italian
otal. Germany performs especially badly in Chemistry and Clinical

edicine, while the distance behind the average is not too large in
iology and Bio-Medicine.

. Discussion and outlook

During the past 10 years, women’s share of the output in tech-
ology and science has generally increased across the 14 countries
nder consideration – as measured by the indicator of contribution
sed here, which was defined as the fractional count of women

nventors (of patents) or authors (of scientific papers). Although
he picture is not always completely clear, the central European
ountries of Germany, Austria and Switzerland have rather low
emale contributions, whereas Spain, France and also Italy show
igh female shares in terms of scientific output and partly also

n technological output, as measured by publications and patents,
espectively. Countries like Sweden, Denmark, Belgium, Australia,
r the USA come towards the middle in terms of women’s contri-
utions, at least compared to the set of countries examined in this
tudy.

One reason for these differences that was given in the empiri-
al section concerns differences in industry or research structure.
ome countries are more specialised in certain scientific or tech-
ological areas where women are more likely to be engaged, such

s Biology or Pharmaceuticals. However, this still does not explain
ll the differences. Nor does it explain if this is a prerequisite for,
r a consequence of, the varying structure of the industry/science
ystems in different countries. Further research on this is needed.

27 The same countries have been chosen as in the patent analysis, although the
bsolute numbers of publications would have allowed us to analyse rather more
ountries. The “Total” column contains all 14 countries analysed in our dataset.
13.0 19.6 12.9 17.9 16.5

Another explanation might relate to the relative cost of child-
care. For the UK, Viitanen (2005) found that childcare subsidies do
not apparently influence the labour force participation of women
or the use of formal childcare to a significant extent. On the
other hand, Chiuri (2000) found that in Italy the cost of child-
care does have an impact on a household’s decision over childcare
and labour supply. Although there is no consensus on whether
the cost of childcare does or does not affect the decision of
women to work, at least in individual cases it would seem that
the cost of childcare may significantly influence a woman’s choice
to work. Fig. 3 suggests that there is a connection between the
childcare system and the shares of women’s scientific output,
except for outliers like Denmark and perhaps also Germany and
Austria.

Further explanations for the differences between the countries
can only be based on anecdotal evidence, since a direct empir-
ical link to the inputs is not yet possible. A higher proportion
of women active in R&D in general and especially in the pri-
vate economy – where most of the patents are filed – is one
possible explanation. A higher proportion of female graduates or
researchers is – of course – an important input to technology
production.

Differences regarding the contribution of women across coun-
tries could be the result of structural differences in the labour
market, for example, income differences or differences in the pur-
suit of part-time activities. Interestingly, Italy and Spain, which
according to our analysis have the highest relative contribution
of women, seem to have relatively low annual average incomes
for researchers (European Commission, 2007a,b, p. 56). Germany
and Austria, on the other hand, rank last in our sample, while
in these countries the annual average remuneration is com-
paratively high. At least with regard to the shares of women
in patenting, a negative correlation seems to be evident (see
Fig. 4), with only two outliers (USA and Italy). The higher the
income of (public and) private researchers, the lower the rep-
resentation of women. Or to put it the other way around: if
researchers are paid comparatively well, the representation of men
is higher. However, this correlation is only found for patenting
activities.

Further studies could focus on verifying the possible explana-
tions offered here or on finding other explanations for the country-
and discipline-specific differences that we have identified. To do
so, links between the dataset and additional information are nec-
essary. In particular, input factors like the number of graduates or
the number of researchers have to be directly related to the sug-
gested output indicators. Multivariate statistical models could be
employed to test how the R&D output performance varies under

the assumption of given R&D input differences. Furthermore, the
obstacles and reasons for women to avoid specific research fields,
or the reasons for the proportionally higher percentage of south-
ern European female researchers, could be the subject of further
research projects.
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ig. 3. Shares of women’s contribution (publications) 2005 and expenditure on pre-
ATSTAT; own computations.

Often gender-mainstreaming discussions have tended to focus
n the inputs to R&D; among the topics considered are equality in
he distribution of inputs, access to resources, chances of success in
btaining support, relative enrolment levels and numbers of R&D
taff. In this paper, it was not the intention to quantify and assess
he quality of men’s and women’s respective outputs in science and
echnology, nor was it possible to relate inputs and outputs directly.
herefore, it would not be meaningful to interpret the reported data
s representing an evaluation of outputs. Proven reasons for the
arious differences across countries cannot be given and possible

xplanations for differences among the countries can only be sug-
ested on the basis of anecdotal evidence. Instead, the intention was
o examine the output side of technology and science in the form
f patents and publications, and thereby to enrich the spectrum of
ossible indicators to use in the discussion of differences relating to

ig. 4. Shares of women’s contribution (patents) 2003–2005 and remuneration of researc
ions.
ry education as a share of GDP 2004. Source: European Commission (2007a,b); EPO:

gender. While the reasons may be manifold, the fact is that in most
countries a positive development is visible, indicating an increas-
ing utilisation of female human capital in science, technology and
innovation.

The procedures presented here will, we hope, inspire future
research projects to gather further data. The availability and
easy accessibility of large-scale databases of reliable quality
might open up new approaches and new analyses. We have
been able to demonstrate that both patent and publication data
are ready to be used by other researchers in future research

projects. Furthermore, we hope that the suggested gender indi-
cators will enrich the statistical analysis of innovation systems,
offering another standard indicator to describe the moder-
nity and future orientation of economies, sectors or regions.
The extension of this approach to other countries and to fur-

hers 2006. Source: European Commission (2007a,b); EPO: PATSTAT; own computa-
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her cohorts of authors and inventors is an important future
ask.
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