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ABSTRACT

In this study, the global scientific workforce is explored through large-scale, generational,
cross-sectional, and longitudinal approaches. We examine 4.3 million nonoccasional
scientists from 38 OECD countries publishing in 1990-2021. Our interest is in the changing
distribution of young male and female scientists over time across 16 science, technology,
engineering, mathematics, medicine (STEMM) disciplines. We unpack the details of the
changing scientific workforce using age groups. Some disciplines are already numerically
dominated by women, and the change is fast in some and slow in others. In one-third of
disciplines, there are already more youngest female than male scientists. Across all disciplines
combined, the majority of women are young women. And more than half of female scientists
(55.02%) are located in medicine. The usefulness of global bibliometric data sources in
analyzing the scientific workforce along gender, age, discipline, and time is tested. Traditional
aggregated data about scientists in general hide a nuanced picture of the changing gender
dynamics within and across disciplines and age groups. The limitations of bibliometric

data sets are explored, and global studies are compared with national-level studies. The
methodological choices and their implications are shown, and new opportunities for how to
study scientists globally are discussed.

1. INTRODUCTION

We explore the changing demographics of the global scientific workforce from the combined
perspectives of age, gender, academic discipline, and time. Our approach is large scale,
generational, and both cross-sectional and longitudinal. With this approach, we examine
4.3 million nonoccasional scientists (defined as scientists with an output of at least three
Scopus-indexed articles) publishing over the past three decades (1990-2021). Our longi-
tudinal interest is in the changing distribution of male and female scientists over time
across different academic age groups—especially young scientists with no more than 10 years
of publishing experience—across 16 science, technology, engineering, mathematics, medi-
cine (STEMM) disciplines. The present research focuses on the OECD area: Whenever the
term “global” is used in our results, technically, it refers to “38 OECD countries.”

Large-scale and longitudinal approaches toward studying the differences in academic
careers by gender, age, and discipline have been used only recently, accompanied by
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increasing access to a digital national and global, commercial and noncommercial workforce,
and administrative, and bibliometric databases, such as Web of Science, Scopus, and Micro-
soft Academic Graph (MAG), as well as Academic Analytics and Digital Bibliography and
Library Project (DBLP) for the United States and CRISTIN for Norway or POL-on for Poland
( ; ; ;

; ). Advances in author disambiguation
methods allow us to examine academic careers at a global scale and over time. The global
scientific workforce can be studied from new perspectives: Our focus on young male and
female scientists is one such perspective. A generational approach to the changing scientific
workforce—especially age distribution by specific age groups by gender (e.g., the young vs.
the old)—has not been applied at a global level.

Currently, the participation of men and women in science can be studied over time with a
previously unattainable level of detail across countries, institutions, and disciplines, as well as
across age and seniority groups. Publications and their authors can be examined through
temporal, topical, geographic, and network analyses or connected to time, themes, places,
and other scientists ( , pp- 62-63). In our study, we have followed three previous
studies: , who reconstructed the complete publication history
of over 1.5 million scientists to examine gender inequality in scientific careers globally
(83 countries, 13 disciplines), , who traced the publication careers
of about 6 million male and female scientists in 1996-2018, and , who
examined 1.5 million research papers from the JSTOR bibliometric database to show gender
differences in self-citation rates across disciplines and time. However, none of these studies
focused on young male and female scientists.

1.1. Academic Careers: Global Studies

, , and focused on the various
aspects of scientific careers globally, used large bibliometric data sets and methods, and
clearly applied the male/female distinction; however, age categories were not combined with
gender. Consequently, although gender, academic age, and discipline variables were used, the
changing demographics of the global scientific workforce over time were not examined;
specifically, the participation of young male and female scientists was not the focus. In this
research, we present a comprehensive overview of the participation in science of male and
female scientists changing over the past three decades.

Although used Web of Science as their source database (with Microsoft
Academic Graph and DBLP as supplementary data sets), used Scopus,
which offers more complete data on first names, which is essential for gender inference. Both
papers did not refer to researchers whose gender was unknown in their analyses and included
authors with at least three publications. used the scholarly database JSTOR
and used the idea of authorships as unique author—paper pairs ( ,p-4).

In a longitudinal study, gender differences in publishing career lengths and dropout rates
were studied in ; they used a career length matching design to study the
relationship between career length and total productivity (412,778 female authors were
matched with 412,778 male authors). A large proportion of the observed gender gaps were
rooted in gender-specific dropout rates and subsequent gender gaps in publishing career
length and total productivity ( , p. 4615).
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The authors reconstructed the complete publication histories of all gender-identified
authors from Web of Science whose publishing careers ended between 1955 and 2010. Their
focus was on career-wise gender differences in productivity and impact. The gender gap was
found to be increasing over time and persistent. Each year, female scientists had a 19.5%
higher risk to leave academia compared with male scientists—which is a major cumulative
advantage for male authors over time ( , p. 4613).

In their longitudinal research design, examined publication produc-
tivity for men and women who started their careers as publishing researchers in 2000, 2005,
and 2010, using full counting and fractional counting approaches. They showed an increasing
trend in the percentage of women starting their careers as publishing researchers, from 33% in
2000 to 40% in 2015. Instead of considering entire publication careers (as in

), the authors compared the productivity of male and female scientists in specific years
in their careers, showing that male scientists have consistently higher publication productivity
than female scientists, regardless of the year in which they started their career and period in
their career, with differences in the range of 20-35% (full counting) and 25-40% (fractional
counting) in favor of male productivity ( , p. 9); see and

on research top performers).

Finally, gender gap in self-citations across time and disciplines was examined in
, with men in the past few decades self-citing 70% more than women. Women were
also more than 10 percentage points more likely not to cite their previous work at all. The
authors linked self-citations to larger themes of inequality in science and cumulative advan-
tage in science careers (because self-citations increase citations). They reported the gender
self-citation gap to be stable over the past 50 years. Compared with men, women have been
overrepresented in the zero self-citation category and underrepresented in terms of citing their

papers ( , p. 8); for a general overview of gender differences in science, see
and ).

Other examples of recent influential large-scale studies of academic careers and global
publishing, collaboration, and impact patterns include , who
studied gender differences in archetype career tasks, , who examined
global gender disparities in science, , who studied the global
citation elite, and , who focused on the continuously
publishing core in global science. examined 71,000 publica-

tions from PLOS journals, with 350,000 distinct authors, to profile scientists across three task
specializations and the changes in their career stages. They used four career stages (junior,
early career, midcareer, and late career, using the years elapsed from first publication); and
three archetype tasks were studied: leader, specialized, and supporting. Scientists were
reported to be unevenly distributed by gender in each archetype, with men being more likely
to be leaders and women representing the specialized archetype in early career stages, which
is the most important for later academic promotions ( , p. 12).

The authors constructed publication histories and grouped publications by career stages,
using the minimum threshold of five publications, academic age based on the first publication,
and the 90% accuracy threshold in assigning gender to individual scientists.

Global gender disparities in science were also studied in . The authors
used 5.5 million papers and 27.3 million authorships to show that, globally, women account
for fewer than 30% of fractionalized authorships and are similarly underrepresented regarding
first authorships. Female collaborations tend to be more domestically oriented than collabo-
rations of men from the same country, and when a woman is in a prominent author position
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(sole authorship, first authorship, and last authorship), a paper attracts fewer citations than
when a man is in one of these roles ( , p- 213; see also ).
Based on a data set of 4 million authors and 26 million papers,

studied the rise in global citation inequality, with a small stratum of elite scientists accruing
increasing citation shares. They examined the temporal trends in the concentration of cita-
tions at the author level, focusing on differences in the degree of concentration across fields,
countries, and institutions. They found that the top 1% most cited scientists (“the citation
elite”) have increased their cumulative citation shares from 14% to 21% between 2000
and 2015 without increasing their general productivity level (in fractional counts) or
impact per paper. The authors in the citation elite increasingly reside in Western Europe
and Australasia, with a decreasing share of top-cited scientists in the United States (

, p-4).

and , in contrast to
, did not disaggregate their results by gender or by academic age. However,
noted that citation-elite membership is strongly correlated with age
and suggested future research within and across age cohorts.

Finally, in their study of the “continuously publishing core” of the global scientific work-
force, which was based on 15.2 million publishing scientists from 1996 to 2011,
showed that less than 1% of scientists—or about 150,000—published their
research each year in the studied 16-year period, accounting for as much as 87.1% of papers
with more than 1,000 citations. The authors examined what they termed “uninterrupted con-
tinuous presence” (UCP) in the Scopus-indexed literature, analyzing who maintains their
presence each and every year for many years, which is another dimension of the “elite”
or “core” status in science. The proportion of scientists with a UCP presence is very limited,
but they account for the lion’s share of researchers with a high citation impact.

As in the case of our present research, the authors used Scopus author identifiers rather than
attempting to disambiguate authors on their own. The UCP-birth and UCP-death years of an
author were the calendar years that start and end their chain of uninterrupted, continuous, and
annual publications ( , p- 2). The 1% of scientists was found to be a very
influential core of science, with much higher citation metrics than other researchers. Although
the global scientific workforce is enormous, its continuously publishing core is very limited,
with many departments or institutions having none or very few researchers who belong to this
group ( , p-9).

The analysis did not consider variables such as gender or academic age, without disaggre-
gating the data into countries, men and women, or career stages, with the assumption being
that the UCP presence, by definition, refers to older age cohorts and higher seniority levels.

1.2. Academic Careers: Examples from the United States

Also, large-scale, national-level studies of academic careers in the United States have been
increasingly precise in terms of gender, discipline, and age determination. For instance,

examined the traditional “rapid rise, gradual decline” narrative about pro-
ductivity patterns, showing that this pattern holds for only 20% of individual faculty (whereas
for the remaining 80%, there is a rich diversity of patterns). Using a DBLP data set of 200,000
publications and career trajectories of 2,453 tenure-track faculty from computer science
departments and their CV data, the authors showed how much diversity is hidden behind
average academic career trajectories, creating inaccurate pictures of productivity patterns.
The authors examined the productivity trajectories of individual researchers in an entire
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field of research and showed that 60 years of research on aggregate trends needs a revision
in view of the conclusions derived from studies based on much larger and more compre-
hensive data sets.

Although academic experience was heavily used, gender differences were not studied.
(Similarly, using the Academic Analytics commercial database,
showed that the career publication activity of U.S. scientists does not follow the tradi-

tional “peak-and-decline” pattern described in earlier studies.)

Finally, using a combination of data sources, such as Academic Analytics, Web of Science,

and the NSF Survey of Graduate Students and Postdoctorates in Science and Engineering,

showed that the disproportionate productivity of scientists in U.S. elite

institutions can be largely explained by their substantial labor advantage: their better access
to externally funded graduate and postdoctoral labor.

They used a matched pair design in which one midcareer researcher in the pair moved to a
working environment with more available labor, and the other moved to an environment
with less available labor (n = 778 faculty), with detailed productivity data for 78,000 faculty
across 25 scientific disciplines. The association of institutional prestige with greater productiv-
ity was explained by greater available funded labor, which drove larger group sizes, thereby
increasing group productivity ( , p- 6).

The productivity dominance of researchers at elite institutions was found not to result from
inherent characteristics (such as differences in talent) but rather can be explained by the
greater labor resources provided to them in more prestigious environments. The authors
showed the pivotal role of funded labor and external research funds in explaining the domi-
nance of elite institutions but did not distinguish between academic careers by male and
female scientists.

1.3. Academic Careers: Cross-National Survey-Based Studies

Additionally, recent changes in academic careers have been widely documented in a separate
line of research: the literature generated by cross-national comparative survey designs. Large-
scale comparative studies have included books on the United States (

) and Japan ( ), as well as Europe ( ), with a
focus on academic work ( ); recruiting and managing the
academic profession ( ); internationalization of teaching and
research ( ); the relevance or impact of research (

); and the various faces of internationalization of the academic profession

( ).

Cross-national comparative studies from this line of research (summarized in
) have provided excellent complementary sources to studies of bibliometric data sets:
they are relatively small scale, with national data sets usually in the range of 1,000 to 4,000
observations, and focusing on issues not obtainable through bibliometric data (e.g., personal
opinions, perceptions, and feelings; family life and motherhood in academia; university gov-
ernance and management; job satisfaction).

Although young men and women are often examined in survey-focused literature
under the label of juniors (contrasted with seniors), the number of cases is usually too
limited to analyze the differences by disciplines, and research designs only allow for
cross-sectional analyses.
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1.4. Academic Careers: Statistical Reports

There have also been several reports on women in science over the past few years, with
different geographical focus (see, e.g., on the United States; on the
European Union; and globally, , , ). Specifically, the Elsevier reports
on gender differences in research provide statistics and analyses on similar topics to ours.

There are, however, important differences between our approach and those in the reports in
the study design, research focus, methodology, and results.

Most importantly, our focus is on specifically defined (via age groups based on academic
age or academic experience) young male and female scientists and their changing participa-
tion across STEMM (traditional STEM disciplines plus medicine) and over time in 38 OECD
countries; we have used a combination of horizontal (men compared with women in the same
age group and across time) and vertical (men and women separately disaggregated into age
groups and compared across time) approaches; and our unit of analysis is the individual
scientist with specific characteristics derived from large-scale bibliometric data sets, especially
nonoccasional status in science, which requires meeting the threshold of having at least three
research articles published.

The first report is a cross-national comparative study of European countries. She Figures
2021 ( ), which covered 44 countries, used the data extracted from Eurostat statistics
oneducation, research, and development; professional earnings and human resources in science
and technology; and the Scopus database. The report discussed the labor market participation
of researchers, working conditions of researchers, career advancement and participation in
decision-making, and research and innovation output, all of which is outside of the scope
of our paper. Interestingly, the report provided examples of actions taken to promote gender
balance in science across different countries (e.g., , pp. 183-185). It provided the data
on women among doctoral graduates across broad fields of study, including the STEM fields,
with a general conclusion that women remained underrepresented in most STEM fields, with
little or no progress since 2015 ( , p- 39). The report discussed the changes in the
Glass Ceiling Index (GCl), a relative index comparing the proportion of women in academia to
the proportion of women in top academic positions for 2015-2018, with the GCl decreasing in
most countries studied ( , pp. 192-194).

The report provided an analysis of the gender gap among active authors, who were defined
as those who produced 10 or more papers over the past 20 years (2000-2019) and at least one
paper in the past 5 years or those who produced four or more papers in the past 5 years.
The report used three seniority levels estimated via the time elapsed since an author’s first
publication in Scopus (early-stage, middle-stage, and senior authors) and the ratios of women
to men among active authors by broad fields and countries.

The major takeaway from the report is that, among early-stage authors, the gender gap was
smaller, but as seniority level increased, the gender gap widened to twice as many male as
female authors. Women were the least represented in the natural sciences and engineering
and technology and most represented in medical and health sciences and agricultural and
veterinary sciences ( , p. 218).

The second report is a single-nation study of the United States. The NSF report ( )
analyzed women, minorities, and persons with disabilities in the STEM workforce in the
United States, specifically using gender, race and ethnicity, and degree levels. This was a
single-nation report with no references to academic publications or career stage or academic
age combined with gender. The report used the notion of the STEM workforce as defined in
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labor force statistics, which included workers in science and engineering (S&E) and
S&E-related and middle-skill occupations. In 2021, nearly a quarter (24%) of individuals in
the U.S. workforce were employed in STEM occupations ( , p. 8).

The three reports from Elsevier came the closest to our study in terms of their methodologies
because they used the Scopus data set and individual Scopus identifiers to define individual

scientists. The single-nation report on Germany ( ) paved the way for the report
on 12 geographies ( ) and a more comprehensive report on gender in research in
16 geographies ( ). The first report linked Germany’s relatively low share of

female researchers among European countries to its research focus on physical sciences
and mathematics, which are traditionally male-dominated fields. Female researchers in
Germany are reported to be concentrated in medicine (and social sciences, which is not
discussed in our paper).

Consistent with the findings from other studies, the share of women was lower among
senior researchers than among junior researchers, with a “leaky” pipeline in science careers:
A higher proportion of women than men moved out of the world of science while moving up
the academic career ladder ( , p- 9). In the report, the research productivity and
citation impact of men and women per year by seniority level was compared. Across the three
seniority categories, male scientists had higher productivity compared with female scientists;
however, gender gaps in citation impact were visible mainly for junior and middle-senior
levels and almost disappeared for senior levels ( , pp. 12-16).

Another Elsevier report ( ) provided detailed methodological and data sources
appendixes, with major procedures explained and definitions provided. Specifically, name
and gender disambiguation for researchers were described, as were the concepts of “active
researchers,” “authors,” “inflow,” “outflow,” “migratory,” “transitory,” and “nonmigratory”
researchers ( , pp- 84-87). In the report, the proportion of men and women
among researchers in 12 comparator countries and regions in the two time periods (1996-2000
and 2011-2015) was analyzed by subject areas for each gender and comparator.

" ou "ou "ou

The key findings were that the proportion of women among researchers has increased in all
comparators and that women tend to specialize in biomedical fields and men in physical
sciences ( , p- 19). The report did not refer to career stages and gender, espe-
cially not analyzing the participation of young female scientists in science.

Finally, the most detailed report on men and women in science today was again by
. In its comprehensive approach, it provided the gender-disaggregated data on science
participation, publishing career and mobility, and collaboration networks across 15 countries
and the EU-28, using the Scopus database. The analyses used four broad subject clusters
(physical sciences, health sciences, life sciences, and social sciences) and 27 major subject
areas (e.g., mathematics, medicine, biochemistry).

The major procedures were described in detail in the appendixes: author definition and
disambiguation (Scopus Author Profiles), active authors, author country and subject area assig-
nation, country selection, author gender inference, author publication history, author mobility,
and author collaboration network analysis ( , pp. 119-133). “Active authors”
were defined as those who authored at least two publications in the study periods
(1999-2003 and 2014-2018).

The report showed that men are more highly represented among authors with a long pub-
lication history and women with a short publication history ( , p-37). In terms of
publication output, on average, women published less than men in a 5-year period in every
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country assessed, regardless of authorship position ( , pp- 37-38) and in terms of
citation practice, the average Field-Weighted Citation Impact of men was higher than that of
women ( , p. 41).

In the report, the concept of “academic age” was not used, and researchers’ academic
stages were not defined accordingly. However, four groups based on the length of publication
history were used. The report did not focus on the participation of young women (and men) in
science across disciplines and over time, but it provided excellent methods to study academic
careers using bibliometric data sources.

Our paper examines what we can know—based on available global data sources of the
bibliometric type—about the changing demographics of the scientific workforce globally
and over time. We wanted to explore how useful the potential global data sources can be
in analyzing the scientific workforce along the combined four dimensions of gender, age, dis-
cipline, and time. We tested how demographic transformations of the global science profes-
sion can be measured using new data sources, hence transgressing the traditional approach in
which national statistics from national statistical offices are aggregated, as in the OECD,
UNESCO, and European Union scientific workforce data sets.

In the present research, we contribute to the discussion of the advantages and disadvan-
tages of using global publication and citation databases—or “structured” Big Data (

; ; )—in global academic profession studies in which the
data on gender, age, and disciplines have traditionally been available almost exclusively
cross-sectionally (single points in time), mostly on a small national scale (through case studies)
and increasingly on a small international comparative scale through cross-national survey
research of the academic profession. We unpack the details of the changing scientific work-
force using 10 5-year age groups within each discipline from a longitudinal perspective.

1.5. Women in STEM: Theoretical Background

The global picture of young men and women in science is a general overview of their repre-
sentation across disciplines around the world. This global picture shows patterns and trends
over time and across disciplines. The representation varies widely at the national level because
of social, economic, political, and cultural factors. There are countries with stronger policies
and initiatives in place to encourage women to pursue STEM education, with a larger pool of
female graduates entering doctoral programs and the academic profession; and there are
countries where cultural and societal attitudes may discourage women from pursuing careers
in science.

As a result, although variations by country can be huge, our interest is in global cross-
disciplinary differences changing over time. Targeted interventions and policies to address
the underrepresentation of women in some disciplines, here resulting from both low entering
shares and high exiting shares for women, young and older alike, need to be developed at a
national level.

By examining the national picture, we can obtain a more nuanced understanding of the
representation of women in science, leading to more effective strategies at the level of disci-
plines. In the present research, we do not consider career breaks, which may be more com-
mon among women because of caregiving responsibilities, and we do not consider the
broader context of gender and work—family balance.

Young scientists—young female scientists in particular—face unique challenges and bar-
riers to enter, continue, and advance in science careers. Apart from underrepresentation of
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women in science, there are implicit biases (stereotyping and discrimination against
women in STEM); unwelcoming or hostile workplace cultures, especially in male-
dominated disciplines; and challenges related to work-life balance and motherhood
responsibilities, possibly leading to career interruptions and slower career progression.
As the report showed, women continue to face significant challenges
at every stage of their careers: they are underrepresented in senior positions, less likely
to collaborate internationally, more likely to experience career breaks, less likely than
men to publish articles in high-impact journals, and cited less frequently, on average (see
).

Although both men and women leave science in some proportions, the attrition for women
in STEM is higher. Major theories about women leaving science are the “leaky pipeline” the-
ory, the “chilly climate” hypothesis, and the “self-selection” hypothesis: Leaky pipeline theory
suggests that there is a significant loss of talent at every stage of the academic career pipeline,
from female graduates to female postdocs to female assistant professors and to female tenured
professors because of systemic barriers such as bias and discrimination (see, e.g.,

); chilly climate theory suggests that a hostile or unwelcoming work environ-
ment in STEM disciplines can discourage women from pursuing careers (see, e.g.,
); and self-selection theory suggests that women are underrepresented in STEM
disciplines because they are less interested in these disciplines because of societal and cultural
factors that discourage them (see, e.g., ; ;

).

Finally, the glass ceiling metaphor is used to describe gender inequality in science from a
different angle: an invisible barrier that prevents women from advancing to higher levels of
leadership and power within organizations, including universities. There are systemic barriers
that make women unable to reach the opportunities and rewards above them. An invisible
barrier limits professional recognition, with few women becoming full professors (see e.g.,

; ).
1.6. Research Questions

We focus on the individual scientists (with their unique identity) as the unit of analysis, rather
than publications. Although a bibliometric data source is used (Scopus raw data provided to us
by Elsevier’s International Center for the Studies of Research [ICSR] Lab through a multiyear
collaboration agreement), our focus is on scientists and their attributes rather than publications
and their properties. Our microdata show gender, academic age or academic experience,
discipline, country, and publications and their types (lifetime); we turn bibliometric data
sources on publications into data sources on individuals.

Our three research questions regarding publishing and nonoccasional STEMM scientists are
as follows:

1. What is the global disciplinary distribution of young male and female scientists?

2. How do the global gender and age distributions of scientists across disciplines change
over time, especially for young male and female scientists?

3.  How is the participation in science of female scientists changing over time and across
disciplines, and what are the disciplinary gender participation trends?
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2. DATA AND METHODS

2.1. Data

The major characteristics of the longitudinal study population for 1990-2021 (4,314,666
scientists, including 1,645,860, or 38.15%, female) are presented in . The major
characteristics of the cross-sectional study subpopulation for 2021 (1,502,792 scientists,
including 579,399, or 38.55% female) are presented in . Our population was con-
structed as follows (we refer to the population rather than the sample because we have all
scientists, with their attributes, as units of analysis): First, to determine the number of scientists,
unique authors of publications (type: journal article, conference paper in a book, or a journal)
who published their works in 1990-2021 were selected. For this selected group of authors, the
years of their research activities were determined. The resulting set of scientists was then nar-
rowed down according to a package of five restrictions: (a) an OECD country; (b) a STEMM
discipline; (c) gender (binary approach: man or woman); (d) a nonoccasional status in science:
a minimum scientific output defined as three publications throughout the scientist’s career
(lifetime); and (e) academic age, or the time passed since the first publication, here in the
1-50 years range.

The minimum output in lifetime publication history allowed us to limit our population to
nonoccasional scientists, that is, scientists functioning in the scientific community more
than accidentally. Additionally, scientists with one or two publications in the Scopus data-
base are more likely to result from mistakes made by author name disambiguation algo-
rithms (see , p. 3). Generally, in terms of author name disambiguation,
Scopus is more accurate than Web of Science ( , p- 36). Then,
for each scientist, academic experience in full years, beginning in the year of the first
publication of any type, was determined. For each year of a scientist’s research activities,
the length of their academic experience and membership in the corresponding academic
age group were determined. We used a population for 1990-2021 for longitudinal analyses, a
subpopulation for 2021 for a cross-sectional analysis, and the two subpopulations for 2000
and 2021 for analyses comparing two points in time. summarizes the population’s
design.

2.2. Methods

In this section, we present the five basic procedures to unambiguously define the attributes of
the scientists in our population. We initially used raw data for 2020 and before, here based on
the Scopus database version dated 18 August 2021. The raw data were made available to us
by Elsevier under an agreement with the ICSR Lab. Finally, the Scopus database version for
2021 and before, dated October 21, 2022, was used.

To obtain the results at the aggregate level, the operation in the ICSR Lab relied on the use
of the Databricks environment, which allowed for managing and executing cloud computing
with Amazon EC2 services. The scripts to generate the results were written using the
PySparkSQL library. The work on obtaining the results proceeded in two steps. The first step
was to work on 1% of the Scopus database data with the snapshot dated August 18, 2021
(from ICSR Lab: 1% of the data volume based on a set of 20,000 publications between
2010 and 2018 and including all publications cited by and citing these publications), using
a cluster in standard mode with Databricks Runtime version 11.2, including Apache Spark
technology in version 3.3.0, Scala 2.12, and an i3.2xlarge instance with 61 Gbyte memory,
eight cores, one to four workers for worker type, and an i3.xlarge instance with 30.5 Gbyte
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Table 1. The population for 1990-2021: major characteristics
Female scientists Male scientists Total

n row %  col % n row %  col % N row %  col %

Discipline Total 1,645,860 38.15 100 2,668,806 61.85 100 4,314,666 100 100
AGRI 104,805 39.98 6.37 157,318 60.02 5.89 262,123 100 6.08
BIO 328,806 46.26 19.98 381,963 53.74 14.31 710,769 100 16.47
CHEM 87,608 30.16 532 202,843 69.84 7.60 290,451 100 6.73
CHEMENG 4,294 23.06 0.26 14,330 76.94 0.54 18,624 100 0.43
COMP 16,191 16.59 0.98 81,414 83.41 3.05 97,605 100 2.26
EARTH 34,042 27.62 2.07 89,221 72.38 3.34 123,263 100 2.86
ENER 3,255 19.09 0.20 13,793 80.91 0.52 17,048 100 0.40
ENG 24,992 11.52 1.52 191,978 88.48 7.19 216,970 100 5.03
ENVIR 35,867 38.35 2.18 57,661 61.65 2.16 93,528 100 2.17
IMMU 26,805 53.24 1.63 23,547 46.76 0.88 50,352 100 1.17
MATER 26,227 26.16 1.59 74,043 73.84 2.77 100,270 100 2.32
MATH 11,915 20.15 0.72 47,206 79.85 1.77 59,121 100 1.37
MED 836,890 45.44 50.85 1,005,040 54.56 37.66 1,841,930 100 42.69
NEURO 40,961 47.20 2.49 45,819 52.80 1.72 86,780 100 2.01
PHARM 15,641 41.35 0.95 22,183 58.65 0.83 37,824 100 0.88
PHYS 47,561 15.44 2.89 260,447 84.56 9.76 308,008 100 7.14
OECD country  USA 540,501 39.73 32.84 819,882 60.27 30.72 1,360,383 100 31.53
(TOP10) Japan 92,601 19.28 5.63 387,599 80.72 14.52 480,200 100 11.13
Germany 118,509 33.49 7.20 235,312 66.51 8.82 353,821 100 8.20
UK 116,285 39.49 7.07 178,187 60.51 6.68 294,472 100 6.82
Italy 119,688 50.36 7.27 117,960 49.64 4.42 237,648 100 5.51
France 93,770 42.07 570 129,110 57.93 4.84 222,880 100 5.17
Canada 68,983 42.75 4.19 92,393 57.25 3.46 161,376 100 3.74
Spain 71,656 48.13 4.35 77,233 51.87 2.89 148,889 100 3.45
Australia 50,652 44.79 3.08 62,425 55.21 2.34 113,077 100 2.62
South Korea 19,886 19.32 1.21 83,038 80.68 3.11 102,924 100 2.39
Quantitative Science Studies 912
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Table 2.  The subpopulation for 2021: major characteristics

Female scientists Male scientists Total
n row % col % n row % col % N row %  col %
Academic age group  Total 579,399 38.55 100 923,393 61.45 100 1,502,792 100 100

5 and less 148,749  46.26 25.67 172,795 53.74 18.71 321,544 100 21.40

6-10 149,875  43.47 25.87 194,936  56.53 21.11 344,811 100 22.94

11-15 102,419  40.52 17.68 150,366  59.48 16.28 252,785 100 16.82

16-20 71,335  36.73 1231 122,878  63.27 1331 194,213 100 12.92

21-25 45,297  32.74 7.82 93,052  67.26 10.08 138,349 100 9.21

26-30 30,302  28.86 5.23 74,698  71.14 8.09 105,000 100 6.99

31-35 17,736 24.83 3.06 53,682 7517 5.81 71,418 100 4.75

36-40 8,432  20.58 1.46 32,541 79.42 3.52 40,973 100 2.73

41-45 3,833 17.27 0.66 18,357  82.73 1.99 22,190 100 1.48

46-50 1,421 12.35 0.25 10,088  87.65 1.09 11,509 100 0.77

Discipline AGRI 42,657  40.13 7.36 63,645  59.87 6.89 106,302 100 7.07
BIO 92,185  43.27 1591 120,854 56.73 13.09 213,039 100 14.18

CHEM 22,450  30.21 3.87 51,862  69.79 5.62 74,312 100 4.94

CHEMENG 1,287 2498 0.22 3,865  75.02 0.42 5,152 100 0.34

COMP 6,449 18.20 1.11 28,986  81.80 3.14 35,435 100 2.36

EARTH 14,446  27.87 2.49 37,390 72.13 4.05 51,836 100 3.45

ENER 1,527  20.28 0.26 6,004 79.72 0.65 7,531 100 0.50

ENG 9,029 13.82 1.56 56,326  86.18 6.10 65,355 100 4.35

ENVIR 14,688  40.15 2.54 21,892  59.85 2.37 36,580 100 2.43

IMMU 6,949  50.03 1.20 6,940  49.97 0.75 13,889 100 0.92

MATER 10,257  27.09 1.77 27,601 7291 2.99 37,858 100 2.52

MATH 4,653  20.02 0.80 18,590  79.98 2.01 23,243 100 1.55

MED 318,792  46.14 55.02 372,166  53.86 40.30 690,958 100 45.98

NEURO 13,873  43.76 2.39 17,833  56.24 1.93 31,706 100 2.1

PHARM 3,190 4598 0.55 3,748  54.02 0.41 6,938 100 0.46

PHYS 16,967  16.53 2.93 85,691 83.47 9.28 102,658 100 6.83

OECD country USA 176,646  40.63 30.49 258,155  59.37 27.96 434,801 100 28.93
(TOP 10 Japan 22,331 18.15 3.85 100,695  81.85 10.90 123,026 100 8.19
Germany 36,659  32.19 6.33 77,212 67.81 8.36 113,871 100 7.58
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Table 2. (continued)

Female scientists Male scientists Total

n row %  col % n row %  col % N row %  col %
Italy 51,171 49.21 8.83 52,821 50.79 5.72 103,992 100 6.92
UK 40,328 38.88 6.96 63,392 61.12 6.87 103,720 100 6.90
France 31,657 39.74 5.46 47,996 60.26 5.20 79,653 100 5.30
Spain 29,067  46.89 5.02 32,925 53.11 3.57 61,992 100 4.13
Canada 24,022 42.36 4.15 32,685 57.64 3.54 56,707 100 3.77
Australia 21,160 44.49 3.65 26,396 55.51 2.86 47,556 100 3.16
South Korea 7,903 19.31 1.36 33,034 80.69 3.58 40,937 100 2.72

Quantitative Science Studies

memory and four cores for the driver type. Test runs of the scripts covered 1% of the data, with
the goal of optimizing the time and cost of the performed calculations.

After reviewing the correctness of the scripts, the final run was performed. The operation
was carried out on a 100% Scopus database with a snapshot date October 21, 2022, using a
cluster in standard mode with Databricks Runtime version 11.2 ML with Apache Spark tech-
nology version 3.3.0, Scala 2.12, and an instance i3.2xlarge with 61 Gbyte memory, eight
cores, one to six workers for worker type, and an instance c4.2xlarge with 15 Gbyte memory
and four cores for the driver type. The execution time for the entire script took 1.13 hours; this
operation was launched on November 22, 2022.

2.2.1. Gender determination

To obtain the gender of the scientists in the population, the gender data established by the
ICSR Lab platform were first used (Nauthor = 34,596,581). Then, only scientists who had a
defined gender (man/woman) with a gender probability score greater than or equal to 0.85
were included (Nauthor = 21,508,029). To assign gender to an author, the ICSR Lab used
Elsevier’s solution, which used the Namsor tool. Determining gender was based on three
characteristics: author’s first name, author’s last name, and author’s first country. The author’s
first country was determined based on the author’s dominant country in their first publication
year, which was based on output in the Scopus database. For authors who had more than one
dominant country, the observation was not assigned a value. The Namsor tool returned gender
and gender probability score ( , pp. 122-123).

2.2.2. Discipline determination

To obtain the dominant discipline of scientists in the population, a set of publications from the
Scopus database was used (Npup = 85,585,123; Nayimor = 43,632,099). Publications were from
2021 and before and were restricted by source and type of publication: (a) journal article and
(b) conference paper in a book or journal (Nyy, = 60,987,987; N,uihor = 36,379,221). From the
table of publications, the columns with publications’ identifiers, authors’ identifiers, and cited
references were selected. Each cited reference (Neijwedreference = 1,434,621,669) was accompa-
nied by its discipline, as assigned by the discipline of the journal in which it appeared. The
disciplines assigned to a cited reference were based on the four-digit ASJC code used by the
Scopus database. To switch to a two-digit classification, unique disciplines were selected, here
based on the first two digits of the four-digit value. Then, for each author, the number of cited
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Scientists in Scopus database
N = 43,632,099

(N pubs = 63,152261) Nonoccasional status only
ﬁ Removed: N = 31,574,345
(N pubs = 26,864,477)
Nonoccasional scientists
N =12,057,754
(N articles = 56,288,784) T e

M Removed/Missing: N = 4,563,024
(N articles = 14,743,239)
Scientists: OECD country

N =7,494,730
(N'articlas = 41,545,545) Gender-determined only

M Removed/Missing: N = 2,252,910
(N articles = 7,356,162)

Scientists: determined gender
N = 5,241,820

(B diticles = 54189568 Discipline-determined only
M Removed/Missing: N = 674,396
(N articles = 3,826,412)
Scientists: determined discipline
N = 4,567,424
(N articles = 30,362,971) 1990-2021 period only

M Removed: N = 220,083
(N articles = 6,120,833)

Scientists: active 1990-2021
N = 4,347,341

(N arficlea = 24.242,138) Academic age of max 50 years only
F Removed: N = 32,675
(N articles = 288,902)

Scientists: academic age of max 50 years

N = 4,314,666
(N articles = 23,953,236)

4

Final population
N = 4,314,666
(N articles = 23,953,236)

4 4

Final subpopulation 2000 Final subpopulation 2021
N = 716,796 N = 1,502,792
(N articles = 612,405) (N articles = 1,208,181)

Figure 1. Flowchart: stages in constructing the population and two subpopulations.

references was counted for all disciplines referenced by the author, excluding the “multidis-
ciplinary” discipline. For each author, the discipline with the highest number of cited refer-
ences (modal value) was selected. A table containing the author’s identifier and their dominant
discipline was obtained. For the described summary, there could have been cases in which an
author had several dominant disciplines or no disciplines (included N,ymhor = 26,706,031).
Here, authors who had more than one dominant discipline or no discipline were removed
from the table (removed N,umhor = 9,673,190). Authors were removed, among other reasons,
because the cited references from their articles may have referred to journals outside the
Scopus database or because there was an equal number of cited references to different
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disciplines. Subsequently, the table was restricted to only authors with an assigned discipline
from the STEMM group, resulting in the final number (Nauthor = 24,425,447).

2.2.3. Determining the country of affiliation

Publications were from 2021 or earlier and were restricted by source and type: (a) journal
article and (b) conference paper in a book or journal. From the table of publications, columns
with publications’ identifiers, authors’ identifiers, and countries for each author of the pub-
lication were selected. Then, for each author, the number of countries that the scientist
indicated in all their publications was counted. For each author, the country with the highest
number of references (modal value) was selected. For the described summary, there may have
been cases in which an author had several countries (included N,mor = 31,332,750). For this
purpose, authors who had more than one country or no countries were removed from the
table (removed N, uhor = 5,046,471). The table was then filtered to include scientists from
38 OECD countries. The final number was (N,uthor = 19,296,388).

2.2.4. Determining scientists’ nonoccasional status

Under the proposed definition, a nonoccasional scientist has at least three research articles
(as defined above) in their output. The publications were from 2021 or before and were limited
by the same source and type of publication as above. Columns containing publications’ iden-
tifiers and authors’ identifiers were selected from the table of publications. For each author, the
number of publications was counted. The table was then filtered to include scientists who had
a minimum of three publications (Nauthor = 12,057,755).

2.2.5. Determining academic age

Finally, to obtain the academic age of the scientists in the population, the same set of publi-
cations from the Scopus database was used, and the publications were from 2021 or before.
Author identifiers and year of publication were selected from the table. For each author, the
year of the first and last publication (of any type) was determined. Then, the number of years of
authors’ research activities (distance from the first to last publication in years) was calculated
according to the following formula: year of the last publication — year of the first publication + 1.
Authors who had more than 50 years of research activities were removed from the table
(included N,uthor = 43,568,252; removed N,uhor = 63,847). Then, for the authors included
in the study (Nauthor = 4,314,666; i.e., the final population) that contained the years of
academic activity defined for publications, the academic age in a given publication year
was determined according to the following formula: publication year — year of first publi-
cation + 1. Based on the value of academic age, an author was assigned to an age group
according to 10 ranges: 5 and less, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40,
41-45, and 46-50.

2.2.6. List of STEMM disciplines

We focused on all 16 STEMM disciplines, as defined by the journal classification system
used in the Scopus database (All Science Journal Classification, ASJC): AGRI, agricultural
and biological sciences; BIO, biochemistry, genetics, and molecular biology; CHEMENG,
chemical engineering; CHEM, chemistry; COMP, computer science; EARTH, earth and
planetary sciences; ENER, energy; ENG, engineering; ENVIR, environmental science;
IMMU, immunology and microbiology; MATER, materials science; MATH, mathematics;
MED medicine, NEURO, neuroscience; PHARM, pharmacology, toxicology, and pharma-
ceutics; and PHYS, physics and astronomy.
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3. RESULTS

To study the gender distribution of the scientific workforce by age group, we used two com-

l//

plementary approaches we termed “horizontal” and “vertica

1. A horizontal approach: analyzing the gender distribution of scientists horizontally
within the same age groups. For each discipline, for each of the 10 5-year age
groups, the percentages of male and female scientists totaled 100%.

2. A vertical approach: analyzing the gender distribution of scientists vertically—
separately male and separately female scientists—across all age groups. For each dis-
cipline, there was 100% of male and 100% of female scientists who were differently
distributed across the 10 age groups.

Parts of our study have been based on a longitudinal research design in a broader sense, which
requires a short methodological explanation. In longitudinal studies in a narrow sense, data are
collected at multiple points in time from the same group of participants; we used this narrow
approach in a recent study of 2,326 Polish full professors, tracing their promotions, publications,
and productivity classes over a period of 40 years ( ). In classical defini-
tions, longitudinal research concerns data collection and analysis over time, and it is a broad term
that describes a family of methods: Specifically, longitudinal research includes repeated cross-
sectional studies, prospective studies, and retrospective studies ( , pp. 2-3). As a min-
imum, any longitudinal design would permit the measurement of differences or a change in a
variable from one period to another. In this broader sense, longitudinal research is research in
which data are collected for each item or variable for two or more distinct time periods; the sub-
jects or cases analyzed are the same (or at least comparable) from one period to the next; and the
analysis involves some comparison of data between or among periods ( , p- 2).

Our study represents both a cross-sectional design (in its analyses of a single point in time,
2021) and longitudinal design in a broader sense, in its repeated cross-sectional design vari-
ation (analyzing two points in time, 2000 and 2021, and the trend in 1990-2021, following
the idea that cross-sectional data are repeated over time with a high level of consistency
between questions; ). Our sets of cases, scientists with their microdata, for each
period are not entirely different: to some extent, they overlap (for scientists active for a longer
period of time). Our microdata are at the individual level of scientists, which means that their
individual-level records contain the same variables measured at several different time points.
For this reason, they were pooled to form a single data file: This increased the sample size and

also introduced a temporal dimension, as suggested in the literature ( , p- 222).
This section is divided into the subsections on general results ( ), results from
horizontal ( ) and vertical ( ) perspectives, which include both cross-

sectional and longitudinal data, and the results of the trend analysis for the 1990-2021 period
based on a longitudinal data set ( ).

3.1. General Results

Although the analysis of the changing numbers of male and female scientists over time may be
distorted by the inability to distinguish between an expansion in numbers of scientists and in
numbers of journals indexed in large bibliometric data sets, in contrast, the changing relative
presence of female scientists is traceable. Although the increasing number of publishing
scientists over time correlated with the increasing coverage in Scopus, the percentages of pub-
lishing male and female scientists were independent of journal coverage. Consequently,
although the number of publishing scientists changing over time was not a reliable measure
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of the changing women’s participation in global science, the percentages of male scientists
and female scientists adequately reflected the changes in the global academic workforce.

In 2021, 45.98% of the global scientific workforce in STEMM (as defined in this research, espe-
cially in the 38 OECD countries and with a nonoccasional publishing status in Scopus) was
involved in medical research, with 690,958 scientists in medicine, followed by biochemistry,
genetics, and molecular biology (213,039). In 2021, there were 1.5 million scientists, as defined
in our population, with 923,000 men and 579,000 women (38.55%). The majority of female
scientists (63.09%) were concentrated in six countries: the United States, Italy, the United Kingdom,
Germany, France, and Spain. Over 70% of female scientists were in medicine and biochemistry,
genetics, and molecular biology. Immunology and microbiology had the highest share of female
scientists (50.03%), followed by several fields with over 40% female representation (e.g., AGRI,
ENVIR, BIO, NEURO, PHARM, and MED). In contrast, engineering, physics and astronomy,
computer science, and mathematics had 20% (or less) female representation (see Figure 2).

3.2. Results: A Horizontal Approach
3.2.1. A cross-sectional view (2021): All age groups horizontally

Disciplines at a single point in time (2021) were populated by the scientists of different age groups
and genders. Figure 3 shows the percentage of female scientists across disciplines by age group.
We generally observed the results of a huge inflow of female scientists (who were present in

Table 3. The subpopulation for 2021 by discipline and gender, as sorted by the number of male scientists (in descending order)
Discipline Total Female scientists Male scientists Percentage female Percentage male
MED 690,958 318,792 372,166 46.14 53.86
BIO 213,039 92,185 120,854 43.27 56.73
AGRI 106,302 42,657 63,645 40.13 59.87
PHYS 102,658 16,967 85,691 16.53 83.47
CHEM 74,312 22,450 51,862 30.21 69.79
ENG 65,355 9,029 56,326 13.82 86.18
EARTH 51,836 14,446 37,390 27.87 72.13
MATER 37,858 10,257 27,601 27.09 72.91
ENVIR 36,580 14,688 21,892 40.15 59.85
COMP 35,435 6,449 28,986 18.20 81.80
NEURO 31,706 13,873 17,833 43.76 56.24
MATH 23,243 4,653 18,590 20.02 79.98
IMMU 13,889 6,949 6,940 50.03 49.97
ENER 7,531 1,527 6,004 20.28 79.72
PHARM 6,938 3,190 3,748 45.98 54.02
CHEMENG 5,152 1,287 3,865 2498 75.02
Total 1,502,792 579,399 923,393 38.55 61.45
Quantitative Science Studies 918
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Figure 2. The number of publishing nonoccasional STEMM scientists in 38 OECD countries by discipline and gender (left top) and by
country (20 biggest systems only) and gender (right top). The share by discipline and gender (left bottom) and by country (20 biggest OECD
systems only) and gender (right bottom) (in %), 2021 (N = 1,502,792).

2021) to most disciplines in the past years and decades: For younger generations working in
2021, the percentages of female scientists were substantially higher than for older generations.

Generally expecting ever more female scientists across all STEMM disciplines moving down
the age groups, we assessed ongoing changes based on a snapshot (2021), especially examin-
ing the youngest age groups. MED and BIO showed a structure in which, for every successive
lower age group in 2021, a higher share of female scientists was observed. PHYS, COMP, ENG,
and MATH, termed the Big Four in this paper, which have been traditionally male-dominated
disciplines comprising about 262,000 scientists in our population (15.09%; including merely
30,649 women), in contrast, showed a stable structure in which, for every successive lower age
group in 2021, a similar (or only slightly higher) share of female scientists was observed. These
two contrasting demographic patterns showed different inflows of young female scientists to
disciplines in the past: huge and increasing versus small and stable. This can be compared with
MATH and BIO: in a single year of interest, with the most recent data available, the share of very
young, young, and middle-aged women is almost the same; in contrast, the share of women in
the same age groups for BIO increases continually with every age group.

The current global disciplinary distribution of young women in science is consequential for
gender parity in science in the future, despite the high attrition rate among young scientists
generally and young female scientists in particular (1 in 10; see Boothby, Milojevic et al.,
2022). The current young cohorts will be middle-aged cohorts within a decade, and the
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Ever-increasing participation of women in younger generations of scientists, with a few exceptions (e.g., COMP, MATH). Horizontal

approach: distribution of publishing nonoccasional STEMM scientists by discipline, age group, and gender (row percentages: 100% horizon-
tally), 2021 (N = 1,502,792).
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current oldest cohorts will disappear from the publishing enterprise and exit from academic

work, with new challenges for disciplines continuously heavily male dominated.

Traditional gender-aggregated and age-aggregated data about scientists in general across
disciplines, countries, and institutions hide a much more nuanced picture of the changing gen-
der dynamics within and across disciplines and age groups. In this research, we examined the

subpopulation of “young” scientists (academic age 10 and years and below: Figure 4).

3.2.2. A comparative horizontal view (2000 vs. 2021)

When comparing women’s participation in STEMM disciplines from another perspective of

two snapshots of 2000 and 2021 (Figure 5), for all disciplines, the share of female scientists
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Figure 4. Zooming in on young scientists only. More young men than young women in all but six STEMM disciplines (e.g., MED). Horizontal
approach: young scientists only (academic age 10 years and less). Distribution of young publishing nonoccasional STEMM scientists by dis-
cipline, age group, and gender (row percentages: 100% horizontally), 2021 (N = 666,355).
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Figure 5. The increasing participation of young female scientists for all disciplines over time. Overview of percentage change directions,
2000 vs. 2021: horizontal approach. Zooming in on young scientists only (academic age 10 years or less). Distribution of young publishing
nonoccasional STEMM scientists by discipline, age group, and gender; dark blue percentage female scientists 2021, white lines percentage
female scientists 2000 (row percentages: 100% horizontally) (Nyg21 = 666,355, Naggo = 437,113).

increased, albeit to different degrees. The white lines show the shares of female scientists for
the year 2000, and the dark blue bars on the right show this for 2021. For the youngest age
group, for all disciplines combined, the share of female scientists increased from one-third to a
half (from 34.93% to 50.16%), indicating that the share of male scientists decreased from
two-thirds to a half (from 65.07% to 49.84%). Comparing the old age category of 31-35,
the share of female scientists increased three times, from 8.12% to 23.98%. From the perspec-
tive of two decades, the changes are noticeable across all disciplines—although in most cases,
they can be described as small scale.

3.2.3. The decreasing isolation of female scientists in the Big Four math-intensive disciplines

We compared the share of young and old female and male scientists across disciplines to show
gender differences. Among the young scientists, the share of female scientists in several disci-
plines was about half (e.g., BIO and MED), and among old scientists, the share was much lower
(Table 4). In some disciplines, the share of old female scientists was about 10% or lower, with
gender differences being at least 10-fold (e.g., ENG and PHYS: 6.31% and 9.21%, respectively).

In many institutions, old female scientists were not merely minorities: They were tokens (or
single, exemplary scientists representing all female scientists; see Kanter (1977); on the role of
microlevel departmental climates, see Fox and Nikivincze (2021)). However, the isolation of
young female scientists in COMP, ENG, MATH, and PHYS decreased at least twice, with
higher visibility for young cohorts. Younger age groups had more female scientists and higher
percentages across all disciplines, including male-dominated ones (ENG, MATH, PHYS) and
those closer to gender parity (MED, AGRI, BIO). Female scientists were more present in num-
bers and percentages in younger age groups. For all disciplines except six (AGRI, BIO, IMMU,
MED, NEURO, and PHARM), there were more of the youngest male scientists than youngest
female scientists, and many more old male scientists than old female scientists. Table 4 shows
a general increase in the percentage of female scientists among the younger age groups (10
years or less of experience) compared with the older age groups (31-50 years of experience)
across all disciplines. This suggests a growing trend in women’s participation in science.

However, in the context of scientists from different age groups working at the same time
(2021) in the Big Four, the isolation of young female scientists has decreased significantly com-
pared with the isolation of old female scientists. In 2021, for these four disciplines, the
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Table 4. The frequencies and percentages of female scientists among publishing nonoccasional STEMM scientists by discipline in the two

age cohorts (the young and the old), 2021

Young scientists (10 years of publishing experience or less)

Old scientists (31-50 years of publishing experience)

All young Young female % female All old scientists Old female % female
Discipline scientists scientists scientists Discipline (31-50) scientists scientists
AGRI 41,954 20,389 48.60 AGRI 10,799 2,206 20.43
BIO 89,295 44,533 49.87 BIO 23,377 6,422 27.47
CHEM 36,368 12,394 34.08 CHEM 7,582 1,313 17.32
CHEMENG 2,523 707 28.02 CHEMENG 455 51 11.21
COMP 12,678 2,518 19.86 COMP 2,642 353 13.36
EARTH 18,168 6,363 35.02 EARTH 7,205 1,026 14.24
ENER 4,420 1,013 22.92 ENER 252 21 8.33
ENG 28,808 4,745 16.47 ENG 4,864 307 6.31
ENVIR 16,557 7,758 46.86 ENVIR 2,545 458 18.00
IMMU 5,651 3,270 57.87 IMMU 1,587 430 27.10
MATER 20,664 6,103 29.53 MATER 2,097 323 15.40
MATH 8,327 1,835 22.04 MATH 3,481 386 11.09
MED 324,524 170,004 52.39 MED 60,685 15,775 25.99
NEURO 14,260 7,400 51.89 NEURO 2,903 758 26.11
PHARM 3,341 1,741 52.11 PHARM 744 223 29.97
PHYS 38,817 7,851 20.23 PHYS 14,872 1,370 9.21
Total 666,355 298,624 44.81 Total 146,090 31,422 21.51

Quantitative Science Studies

percentage of female scientists in the younger generations was at least twice that in older gen-
erations: for instance, in engineering, young female scientists made up 16.47% of the total,
compared with only 6.31% for the older cohorts (Table 5).

This trend of higher female representation in younger cohorts is stronger across disciplines
closer to gender parity. For example, in medicine in 2021, young female scientists made up
52.39% of the total (compared with 25.99% for old scientists; and in biochemistry, 49.87%
and 27.47%, respectively).

With our individual-level microdata, we can explore further what the isolation of female
scientists in STEMM disciplines means in practice. As shown in Table 5, female scientists
are more present in numbers and percentages when moving from older to younger generations
across the 10 age groups in the same year 2021. This indicates a positive trend toward
decreasing isolation of female scientists with every next younger age group. Detailed examples
from specific age groups can further emphasize the contrast between the presence of female
scientists in younger and older generations in 2021.

In engineering, for instance, in the 36—40 years age group, there were only 84 (nonocca-
sional, publishing, etc.) female scientists compared with 1,486 male scientists. This shows a

922

¥20zZ Ateniqed £z uo ) Yese Aq ypd 9,200 & ssb/LySEEEZ/Z06/v/v/Pd-8lonie/ssb/npe-woaip//:dny woly papeojumoq



Young male and female scientists: A quantitative exploratory study

Quantitative Science Studies

Table 5.  Zooming in on numbers of the young vs. the old: gender- and age-disaggregated data,
distribution of nonoccasional publishing STEMM scientists by selected academic age groups and

gender, 2021

Discipline Gender 5 yearsand less  6-10 years  31-35 years  36-40 years
AGRI Female 9,714 10,675 1,238 647
Male 9,652 11,913 3,925 2,702
BIO Female 21,139 23,394 3,463 1,757
Male 20,161 24,601 7,692 4,726
CHEM Female 6,793 5,601 693 380
Male 12,253 11,721 2,792 1,785
CHEMENG Female 377 330 32 15
Male 904 912 187 138
COMP Female 1,049 1,469 231 76
Male 4,030 6,130 1,344 648
EARTH Female 2,732 3,631 534 335
Male 4,820 6,985 2,686 1,848
ENER Female 557 456 16 4
Male 1,677 1,730 125 66
ENG Female 2,316 2,429 198 84
Male 10,739 13,324 2,362 1,466
ENVIR Female 3,807 3,951 277 130
Male 4,065 4,734 1,008 649
IMMU Female 1,617 1,653 249 104
Male 1,122 1,259 557 305
MATER Female 3,397 2,706 193 98
Male 7,670 6,891 927 520
MATH Female 829 1,006 193 112
Male 2,808 3,684 1,185 926
MED Female 86,100 83,904 9,217 4,005
Male 75,065 79,455 21,655 12,289
NEURO Female 3,520 3,880 369 227
Male 3,000 3,860 968 588
PHARM Female 985 756 128 62
Male 831 769 229 159
923
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Table 5. (continued)

Discipline Gender 5 years and less  6-10 years  31-35 years  36-40 years

PHYS Female 3,817 4,034 705 396
Male 13,998 16,968 6,040 3,726
Total Female 148,749 149,875 17,736 8,432
Male 172,795 194,936 53,682 32,541

stark contrast in representation, with males outnumbering females by more than 17 times. How-
ever, in the younger (5 years and less) age group, the gap has narrowed considerably, with
2,316 female engineers and 10,739 male engineers. In this case, the number of male scientists
is only about 4.6 times higher than that of female scientists. This example illustrates that the
isolation of female scientists in engineering has decreased significantly in younger generations.
In physics and astronomy (PHYS), in the 46-50 years age group, there were only 79 female
scientists compared with 1,489 male scientists (nearly 19 times difference in this age group).
In the younger (5 years and less) age group, however, there were 3,817 female physicists and
13,998 male physicists (only about 3.7 times difference). The academic worlds of young
scientists in the Big Four today and 20-30 years ago are amazingly different, with the old today
being the young decades ago and surviving in heavily male-dominated environments.

3.3. Results: A Vertical Approach
3.3.1. A cross-sectional view (2021): All age groups vertically

Examining the gender composition within disciplines, we found that, in the majority of disci-
plines (nine), most female scientists were in the two young age groups; that is, with no more
than 10 years of academic experience (Figure 6). Young female scientists dominated (> 50%)
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Figure 6. Young women in STEMM: In most disciplines, the majority of women belong to the two youngest age groups. Vertical approach:
distribution of publishing nonoccasional STEMM scientists by discipline, age group, and gender (column percentages: 100% vertically, for all
age groups combined), 2021 (N = 1,502,792).
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Figure 7. Zooming in on young scientists only. Higher concentration of young women than young men across all disciplines. Vertical
approach: zooming in on young scientists only (academic age 10 and less)—distribution of publishing nonoccasional STEMM scientists by
discipline, age group, and gender (column percentages, vertically: percentage of young female scientists among all women, and young men
among all men; women in dark blue), 2021 (N = 666,355).
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among all female scientists in disciplines like CHEM, ENG, or MED. Thus, the inflow of (pub-
lishing nonoccasional) female scientists in the past decade or so in these disciplines has been

massive.

The lowest share of young female scientists among all female scientists—or the weak-

est inflow (< 40%)—was for COMP and MATH. In all disciplines combined (Total), the share of
young female scientists among all female scientists reached 51.54%, and the share of young
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Figure 8. Shrinking percentages of the youngest male and female scientists among all male and female scientists over time, across all dis-
ciplines. Overview of change directions in percentages, 2000 vs. 2021: vertical approach. Distribution of nonoccasional publishing STEMM
scientists by discipline, age group, and gender (column percentages: 100% vertically for all age groups combined, dark blue 2000, light blue
2021) (Naga1 = 1,502,792, Nrggo = 716,796).
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Figure 9. Shrinking base of young scientists, both men and women, over time. Overview of percentage change directions, 2000 vs. 2021:
vertical approach. Zooming in on young scientists only (academic age 10 years or less). Distribution of young publishing nonoccasional
STEMM scientists by discipline, age group, and gender, 2000 (dark blue) and 2021 (light blue) (based on column percentages) (Nagz1 =
666,355, Nyogo = 437,113).

male scientists among all male scientists was considerably lower and reached 39.82%. The
emergent picture supports narratives of an increasing number of young women in science: of
all the women currently present in global science, more than half had no more than 10 years
of publishing experience (see the details in Figure 7).
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Figure 10. Expanding base of old scientists, both men and women, over time. Overview of change directions, 2000 vs. 2021: vertical
approach. Zooming in on old scientists only: academic age of 31-50 years. Distribution of old publishing nonoccasional STEMM scientists
by discipline, age group, and gender, 2000 (dark blue) and 2021 (light blue) (based on column percentages) (N>gy1 = 146,090, Naggo =
17,463).
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Table 6. Regression model statistics: trends in the percentage of female scientists by discipline, 1990-2021
Coefficient — Slope Coefficient — Intercept Quality measures
Standard Standard Standard
Discipline  Value error tvalue p-value LB UB  Value error tvalue  p-value error
AGRI 0.73 0.012 60.513 < 0.0001 0.704 0.753 19.51 0.217 89.842 < 0.0001 0.992 0.629
BIO 0.42 0.018 23.611 < 0.0001 0.381 0.454 32.28 0.319 101.175 < 0.0001 0.949 0.924
CHEM 0.49 0.021 22715 <0.0001 0.443 0.531 17.79 0.387 46.011 < 0.0001 0.945 1.120
CHEMENG  0.59 0.019 31.706 < 0.0001 0.549 0.624 9.67 0.334 28.983 < 0.0001 0.971 0.966
COMP 0.28 0.005 55.445 < 0.0001 0.272 0.292 8.81 0.092 96.007 < 0.0001 0.990 0.266
EARTH 0.56 0.012 47946 < 0.0001 0.538 0.586 12.39 0.211 58.632 < 0.0001 0.987 0.612
ENER 0.49 0.014 34941 < 0.0001 0.466 0524 564 0.255 22.089 < 0.0001 0.976 0.739
ENG 0.27 0.004 67.841 < 0.0001 0.263 0.279 7.60 0.072 105.555 < 0.0001 0.994 0.209
ENVIR 0.81 0.015 53.321 < 0.0001 0.778 0.840 17.17 0.274 62.716 < 0.0001 0.990 0.793
IMMU 0.52 0.019 26908 < 0.0001 0.481 0.560 36.33 0.349 104.162 < 0.0001 0.960 1.010
MATER 0.52 0.016 32913 < 0.0001 0.483 0.547 13.28 0.282 47.001 < 0.0001 0.973 0.818
MATH 0.33 0.014 23.208 < 0.0001 0.302 0361 11.25 0.258 43.670 < 0.0001 0.947 0.746
MED 0.71 0.012 57.674 < 0.0001 0.684 0.734 26.01 0.222 117.338 < 0.0001 0.991 0.642
NEURO 0.47 0.014 32908 < 0.0001 0.436 0494 31.22 0.255 122.402 < 0.0001 0.973 0.738
PHARM 0.61 0.020 30966 < 0.0001 0.568 0.649 27.98 0.355 78.940 < 0.0001 0.970 1.026
PHYS 0.28 0.006 47373 < 0.0001 0.269 0.294  8.60 0.107 80.276 < 0.0001 0.987 0310
Total 0.55 0.010 56.971 < 0.0001 0.535 0.574 22.66 0.176 129.059 < 0.0001 0.991 0.508

Quantitative Science Studies

3.3.2. A comparative vertical view (2000 vs. 2021)

In this section, we discuss the change in age pyramids (distributions) over 2 decades by
comparing the age pyramids in 2021 and 2000. Longitudinal research measures the differ-
ences or changes in a variable between distinct periods. An age pyramid consists of paired
bar graphs for men and women, with the vertical axis representing age. The 2021 age pyra-
mids (light blue) are superimposed over the 2000 pyramids (dark blue). An age pyramid is
made up of a pair of bar graphs—one for men and one for women—turned on their sides
and joined, where the vertical axis corresponds to age. For each of the 10 age groups in
our population, the bar coming off the axis to the right represents the share of women in that
group, and the bar to the left represents the share of men (see Wachter, 2014, pp. 218-221).
Both age pyramids cover a different population (there are incoming and outgoing scientists in
each case); however, some of the cohorts of scientists were found to be common. The
included scientists were publishing between 1970 and 2021 (for 2021 data) and 1940 and
1990.

In Figure 8, we present the percentages of male and female scientists among nonoccasional
publishing authors at two points in time, disregarding the number of authors. Using the same
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sampling principles, this approach allows us to compare demographics at two points in time
and focus on young (and old) scientists. Figure 8 displays the snapshots of 2021 and 2000 by
age groups and gender, showing the distribution of male and female scientists by age group in
each discipline and illustrating the dynamics of change. Although Section 3.3 uses trend anal-
ysis to demonstrate the change in female scientist percentages by discipline, this section adds
age to the analysis.

In general terms, each discipline exhibits a pyramid-like demographic structure, where bio-
logical age is replaced with academic or professional age. For each discipline, the age pyra-
mid narrows at the top and expands at the bottom, to varying degrees. The bottom represents
the percentage of young scientists among all scientists, and the top signifies the percentage of
older scientists. A wider bottom indicates a higher percentage of young scientists.

A common pattern emerged across all disciplines in 2021: The age pyramid’s bottom (first
age group, 5 years and less) was narrower compared with 2 decades earlier for both male
and female scientists. The share of young female scientists among all female scientists
decreased significantly compared with smaller decreases for young male scientists (see
Figure 9). This decrease could also indicate that young female scientists who entered acade-
mia two decades ago remained in the system in 2021, increasing their shares in older age
groups. The shrinking bottom for female scientists in 2021 compared with 2000 is also visible

Table 7. Trends in the percentage of female scientists by discipline (slope, intercept, and speed of change), 1990-2021

Time needed to achieve
Time needed for a 1 p.p.  gender parity (women 50%)
change (in years) in years, and the date

Time needed to achieve gender
balance (women 40%) in years,

Discipline  Slope Intercept and the date

ENVIR 0.81 17.17 1.24 13.5 (2035) 0 (achieved)
AGRI 0.73 19.51 1.37 16.1 (2038) 0 (achieved)
MED 0.71 26.01 1.41 40.6 (2062) 0 (achieved)
PHARM 0.61 27.98 1.64 5.4 (2027) 0 (achieved)
CHEMENG  0.59 9.67 1.70 36.6 (2058) 19.6 (2041)
EARTH 0.56 12.39 1.78 39.4 (2061) 21.6 (2043)
IMMU 0.52 36.33 1.92 0 (achieved) 0 (achieved)
MATER 0.52 13.28 1.94 44.4 (2066) 25.0 (2046)
ENER 0.49 5.64 2.02 60.0 (2081) 39.8 (2061)
CHEM 0.49 17.79 2.05 40.6 (2062) 20.1 (2042)
NEURO 0.47 31.22 2.15 13.4 (2035) 0 (achieved)
BIO 0.42 32.28 2.39 16.1 (2038) 0 (achieved)
MATH 0.33 11.25 3.02 90.5 (2112) 60.3 (2081)
COMP 0.28 8.81 3.55 112.9 (2134) 77.39 (2099)
PHYS 0.28 8.60 3.55 118.5 (2140) 83.3 (2105)
ENG 0.27 7.60 3.69 133.5 (2155) 96.6 (2118)
Total 0.55 22.66 1.82 - -

Quantitative Science Studies
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Figure 11. Different starting points and growth in participation of women in science over time. The trend in the percentage of female
scientists by discipline, 1990-2021 (N = 4,314,666).

Quantitative Science Studies

for all disciplines combined (Total). In terms of age structures in demographics (Rowland,
2014, pp. 98-107), the 2000 age structures can be classified as “very young” and the 2021
structures as “young” or “mature.”

In contrast, when comparing the shares of older male and female scientists in 2000 and
2021 within disciplines (Figure 10), the pattern is clear: The shares of both genders in the four
older age groups were much higher in 2021 than in 2020. There was a higher percentage of
older scientists in 2021 than in 2020 in each older category for each discipline, without excep-
tions, highlighting the graying of the scientific workforce.

3.4. Results: Trends 1990-2021, Female Scientists by Discipline

In this section, we analyze the changing participation of women in science over time to test
the claim that the inflow of female scientists into science over the past 3 decades was pow-
erfully differentiated by discipline (Figure 11).

The number of individual scientists used here to examine the trend over time was 4.3 mil-
lion (61.85% male and 38.15% female, Table 1). We studied the trend of the percentage of
female scientists present in global science in 1990-2021. Our analysis used a linear trend in
the form of y = at + b. In the equation, b is where the line intersected the y-axis and a denotes

929

20z Arenigad gz uo X ase Aq ypd 92200 € Ssb/L¥S6£EZ/206/v/7/spd-aoie/ssb/nps Hwoa.ip//:dRy woly papeojumog



Young male and female scientists: A quantitative exploratory study

Years to achieve gender parity (50/50)

150-
140-
130-
120-
110-
100-
90-
80-
70-
60-
50-
40-
30-

16.10

20-

13.40
13.50

5.40

10-

IMMU 0 achieved

PHARM
NEURO
ENVIR
AGRI

Figure 12. Gender parity (50/50) vs.

Quantitative Science Studies

the slope of the line. The slope describes how steep a line is by using a positive or negative
value. The slope of a indicates the average change from year to year, and b is the intercept
indicating the level of the phenomenon in the zero period (preceding the first year of analysis).

In some disciplines, women’s participation in science was high with strong growth (MED
and PHARM) or high with weak growth (BIO); in others, participation was low with strong
growth (AGRI, CHEMENG). The Big Four, the cluster of four math-intensive disciplines, had
low participation and weak growth: COMP, ENG, MATH, and PHYS. For all disciplines com-
bined (Total), the increase was substantial, from 22.16% to 38.55%. The percentage of female
scientists has been rising yearly in all disciplines, though at varying rates. MATH, COMP,
PHYS, and ENG had the lowest increase, with slopes equal to or smaller than 0.33 (Table 6).
All slopes were significantly positive, indicating an upward trend in female scientists’ percent-
ages across disciplines. The confidence intervals of slopes revealed specific groups’ average
growth rates per year. Each discipline had a different time for a one percentage point increase
in female scientists’ percentage. The fastest growth occurred for ENVIR (1.24 years), AGRI
(1.37), and MED (1.41). Nine disciplines took slightly longer (1.64-2.39 years), and the Big
Four of MATH, COMP, PHYS, and ENG took the longest, with 3.03 to 3.69 years (Table 7).

Hypothetically, under stable conditions of professional access to disciplines and current
trends in women’s participation in science by discipline, here based on the past 3 decades,
none of which can be guaranteed in the future, male—female parity within a discipline, that is,
50% female scientists and 50% male scientists, in the four disciplines can be expected to be
reached about a century from today: after 90.5 years for MATH (year 2112), 112.9 years for
COMP (year 2134), 118.5 years for PHYS (year 2140), and 133.5 years for ENG (year 2155);
across all other disciplines, parity can be reached between 2027 (PHARM) and 2081
(ENER). The only discipline in which gender parity has already been achieved is IMMU
(see Table 7 for details). To calculate the date for gender parity for any discipline, we took
the percentage points missing to reach the 50% parity level from Table 3 and multiplied the
missing number of years by the time needed to reach 1 p.p. change.
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Instead of gender parity (50%/50%) for all, we can focus on gender parity for the youngest
generations of scientists only. And we can recalculate the results for the new age group of
interest, with parity already achieved in six disciplines (e.g., AGRI, BIO, and MED; see

), and almost achieved for all disciplines combined. Instead of gender parity, we
can also take an alternative approach: gender balance that refers to a presence of men and
women in science that ranges between 40% and 60% of the total population ( , p. 20).
We recalculated the results for gender balance for all, with much shorter periods in which it
can be achieved and with seven disciplines in which gender balance was already achieved
( and ). However, predictive analytics was outside of our scope.

4. SUMMARY, DISCUSSION, AND CONCLUSIONS

We have examined the changing demographics of the global scientific workforce over the past
3 decades (as defined in this research: STEMM disciplines, 38 OECD countries, nonoccasional
status in science, articles indexed in the Scopus database), with special emphasis on the
changing participation in the science of young male and female scientists. Our research
was large scale (4.3 million scientists); generational (scientists were allocated to 10 academic
age groups, with a major distinction between the young cohort, academic experience 10 or
less years, and the old cohort, 31-50 years); and both cross-sectional (2021) and longitudinal
(in a broader sense, the 1990 to 2021 period and 2000 vs. 2021).

We combined two approaches to comprehensively examine the four dimensions (gender,
age, discipline, and time): In what we termed a horizontal approach, we focused on the gender
distribution of scientists within the same age groups across disciplines; and in what we termed
the vertical approach, we focused on the concentration of male and female scientists sepa-
rately across age groups and within disciplines.

Our underlying methodological choice was to use individual scientists (with their attributes)
rather than individual publications (with their characteristics) as a unit of analysis. We used
raw microdata at an individual level from the Scopus data set because our research heavily
relied on author identifiers and because Scopus provided bibliometric data with a precision of
98.1% and recall of 94.4% ( ). Our study was quantitative and
exploratory in nature: Appropriately measured large scale exploratory data can set broad base-
line understanding of complex issues and serve as the foundation for more specific research
questions. Therefore, the present research can be complemented with further small-scale
quantitative studies (based on global and national survey data) and qualitative studies based
on interview and focus group methodologies (as suggests in studying gender and
rank). We are not aware of a similar research exercise mapping young men and women
STEMM scientists across disciplines in the context of older age groups (in terms of academic
or professional experience). Although statistical reports (as described in the Introduction) pro-
viding the data on men and women in science are extremely useful, they do not seem to enter
the global scholarly conversation on women in science.

We did not test the various hypotheses about gender disparities in science because we
have carried out an exploratory exercise; however, our findings support selected findings from
the theoretical background discussed in the Introduction section in general terms. Attrition
levels for female scientists are high (“leaky pipeline” theory), there are clearly disciplines
which—for some reason—are not welcoming to women (“chilly climate” hypothesis),
and in which the generational structure of the scientific workforce is not changing (“self-
selection” hypothesis; see the Big Four disciplines and its stable age and gender distribution
over time).
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The scientific workforce has been changing in terms of its gender and age composition,
with different intensities in different disciplines. These changes have been ongoing and global
in nature. Among the 16 STEMM disciplines, most were currently numerically dominated by
men, but some were already dominated by women, and the change processes seemed to be
fast in some and slow in others. A surprising finding, even in the context of the COVID-19
pandemic, was the pivotal role of medical research for the global scientific workforce, espe-
cially for female scientists: Almost half of all scientists (45.98%) were defined in our meth-
odology as doing medical research (a dominating discipline, based on all cited references
from lifetime publications for each scientist). The concentration of female scientists was steep
across disciplines: More than half (55.02%) were located in MED and 1 in 7 (15.91%) in BIO.
Consequently, about 70% (70.93%) of all female scientists globally, across all STEMM science
sectors, were concentrated just in these two disciplines.

The traditional narratives about some STEMM disciplines being much more heavily male
dominated than others have been confirmed: Women'’s participation in COMP, ENG, MATH,
and PHYS was very low (and smaller than 20% in 2021). In most disciplines in 2021, the share
of female scientists in each successive younger cohort was higher (and it was usually the
highest for the youngest cohort: scientists with 5 or less years of academic experience);
for COMP, ENG, MATH, and PHYS, however, the principle did not hold, with very small
intracohort differences ( ).

Our trend analysis of the 1990-2021 period showed that the participation of female
scientists in global science increased across all disciplines, albeit with different starting
points in 1990 and different intensities, following an array of past research on “women in
science.” For the least increasing trends, the increase in the percentage of female scientists by
one percentage point took 3.03 years for MATH, 3.55 for COMP and PHYS, and 3.69 years for
ENG. Hypothetically, male-female parity within a discipline (50% female scientists, 50% male
scientists) in the four disciplines can be expected to be reached about a century from today:
for MATH in 2112, for COMP in 2134, for PHYS in 2140, and for ENG in 2155; across all
other disciplines, parity can be reached between 2027 (PHARM) and 2081 (ENER). In a less
restricted approach, gender balance (40% female scientists, 60% male scientists) has already
been achieved in seven disciplines; see for details.

However, from an age-disaggregated perspective, in six out of 16 disciplines, there were
already more youngest female than male scientists IMMU, PHARM, NEURO, MED, AGRI,
BIO), and the discipline most open to female scientists has been IMMU (59.04%). Interestingly,
more than eight out of 10 STEMM female scientists globally worked in these six disciplines
(82.90%). Across all STEMM disciplines combined, the majority of women currently involved
in publishing articles were young women (with 10 years of academic experience or less).

Most interestingly, there was a higher concentration of young women than young men
across all STEMM disciplines, and there was a higher concentration of old men than old
women across all disciplines. For every discipline, the share of young female scientists among
all female scientists within a discipline was higher than the share of young male scientists
among all male scientists. For every discipline, the share of old male scientists among all male
scientists within a discipline was substantially higher than the share of old female scientists
among all female scientists. The patterns are clear: For all STEMM disciplines, female scientists
were generally younger and male scientists generally older.

Moving from standard data (of the OECD, UNESCO and Eurostat type) to gender-
disaggregated data for particular age groups, we begin to understand what the global isolation
of female scientists in such disciplines as MATH, PHYS, and ENG means. In these disciplines,
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in 2021, the share of old female scientists was about 10% or less (the difference in numbers by
gender was about 10-fold or higher, e.g., ENG, MATH, and PHYS: 6.31%, 11.09%, and
9.21%, respectively). In older generations, female scientists were isolated individuals among
their similar-age male colleagues. The numbers show more than percentages ( ): For
instance, in the 36-40 academic age group, there were 84 female scientists globally working
alongside 1,466 male scientists in ENG and 396 female scientists working alongside 3,726
male scientists in PHYS.

However, the context of changing times is important: For the same three disciplines of
ENG, MATH, and PHYS, the isolation of young female scientists powerfully decreased, from
a 10-times difference for older cohorts to five times difference for young cohorts (i.e., to
16.47% for ENG, 22.04% for MATH, and 20.23% for PHYS). In these three male-dominated
disciplines in 2021, female scientists in young cohorts were at least twice as present as female
scientists in older cohorts (on the role of gender team composition in science, see

).

The change in gender participation in science has been gradual and the pattern unambigu-
ous: Across all STEMM disciplines, both those heavily male dominated and those closest to
gender parity, the younger generations have generally always had more female scientists and
higher percentages than older generations. Female scientists were more present in numbers
and more present in percentages going down the 10 age groups and when moving from the
cohort of old scientists to that of young scientists. From a longitudinal perspective, in a broader
sense, for all disciplines, the share of scientists in the youngest age group in 2000 was higher
than in 2021 for both male and female scientists. There was a shrinking base of young scientists,
both men and women, and there was an expanding base of old scientists, both men and women.

Most limitations of bibliometric data sets have been widely discussed (English language
and STEMM focus, Anglo-Saxon bias, articles only, etc.; see ,
pp. 38-44) on “cultural biases of data sources”). However, our use of a bibliometric data set
to define the individual attributes of the global scientific workforce requires a brief discus-
sion of new limitations, as follows:

1. Gender determination: A binary approach was used with different coverage for different
countries, as algorithms used by Scopus (and other gender-determining tools such as
Genderize.io or Gender Guesser; see , p. 566] and

, pp. 1477-1478]) work much better for some rather than for other
countries; all gender-unknown cases were removed from our analysis.

2. Discipline determination: A commercial academic journal classification was used as a
proxy for the richness of nationally defined academic disciplines and lifetime Scopus-
indexed publication history, with lifetime cited references being used to determine a
single attribute of discipline (a single dominant value, possibly suppressing the changes
between disciplines over time).

3. Determining the country of affiliation: A single dominant value, possibly suppressing
individual lifetime migration histories.

4. Determining scientists’ nonoccasional status: The threshold of three articles as an entry
condition for inclusion in the population was arbitrary, underplaying the role of scien-
tists in very early stages of academic careers; a higher threshold would decrease the
population, and a lower one would increase it.

5. Determining academic age: Although the correlation between biological age and aca-
demic age in the STEMM disciplines was high (and possibly higher than 0.9, as we
have shown for a sample of 20,000 Polish scientists with doctorates;
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), the first publications in individual lifetime publication histories may appear in
different moments of academic lives in different disciplines; additionally, publishing
patterns clearly change over time; that is, scientists tend to start publishing earlier in
their careers today than before.

Another takeaway is that there were clear differences between national-level studies, espe-
cially when bibliometric data were merged with administrative and biographical data, and a
global study of the academic workforce and careers. In short, national studies can use com-
mercial and noncommercial data sets available for a few countries only (e.g., the United
States, Norway, Poland, and ltaly: see ;

; ), which may include globally directly
unavailable biographical information, such as gender, date of birth, dates of PhD and other
degrees and ranks, national discipline classifications, and full employment history. In our
two recent longitudinal (in a narrow sense) studies of changing productivity classes of 2,326

full professors over 20—40 years of their careers ( ) and of the impact of
early and late, as well as fast and slow promotions on productivity on a sample of 16,000
STEMM university professors ( ), our data set of about a million Polish

Scopus-indexed publications from the past 50 years was enriched with full biographical and
administrative data from a registry of 100,000 Polish scientists.

In global studies—as opposed to national studies—biological age needs to be examined
through a proxy of academic or professional age, gender needs to be inferred with probability
thresholds, academic ranks should be used through a proxy of career length from the first
publication, and national prestige ranks should be used through a proxy of global rankings.
All scientists registered nationally must be replaced in global studies with publishing-only
scientists, with Scopus- (or WoS-) indexed publications. Real scientists with national identi-
fication numbers available in national databases need to be replaced with Scopus Author
IDs, and near-perfect administrative and biographical data need to be replaced with either
inferred data or proxies. However, global exploratory research, provisionally mapping the
terrain and testing the best tools and methodologies, is interesting in its generality before
more sophisticated analyses arise. The world of Scopus authors (and their Scopus-indexed
publication) is not the real world of science—but it may be a useful proxy for it.

The scholarly and policy implications of the present research are manifold. In scholarly
terms, we make the first attempt to define the scientific community globally through attributes
so far understudied on a large scale. The mapping of changing gender and age distribution of
scientists globally over time, as well as a glimpse of the global scientific workforce today,
opens science (and academic) profession studies to more detailed questions. The scientific
workforce is often discussed in two policy contexts: the aging and accompanying problems
for higher education and innovation systems and access to the science profession of young
scientists. Our methodological approach and findings can be useful in examining the complex
policy issue of entering and leaving the science profession, with the accompanying questions
about changing productivity over scientists’ life cycles, aging, and changing publishing and
collaboration patterns, and so forth (especially in the academic sector).

Our research can be useful for policymakers, administrators, and large grant-making orga-
nizations in showing where the scientific workforce has been focusing their research efforts,
how large segments of academics are involved in studies in particular disciplines, and where
male and female scientists are disciplinary located. Our mapping of substantial gender differ-
ences between the various STEMM disciplines (and especially between ENG, COMP, MATH,
and PHYS versus all others) may provide new empirical grounds that are useful in discussing
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