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We examine biologists leaving science in 38 OECD countries in the past two
decades. In a cohort-based and longitudinal fashion, we follow individuals
over time, from their first publication (N = 86 178). We examine four disci-
plines: AGRI (agricultural, biological sciences), BIO (biochemistry, genetics,
molecular biology), IMMU (immunology, microbiology), and NEURO (neu-
roscience). Our Kaplan—Meier survival analysis of BIO shows that 60% of
women are still in science after 5 years, 40% after 10 years, and only 20%
after 19 years. Women in BIO are 23.26% more likely than men to leave sci-
ence after 10 years and 39.74% after 19 years. Gender differences increase
consistently in later career stages. They are high, but comparing the 2000
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In this study, we examine biologists in 38 OECD
countries leaving science (quitting publishing in aca-
demic journals) in the past two decades. Our concep-
tual approach is straightforward: starting an academic
career is making one’s first contribution to an aca-
demic journal, and leaving science is publishing one’s
final research paper. We use publication metadata
from a global bibliometric database (raw, structured,
and curated Scopus data at the micro-level of individ-
ual scientists). We follow individual men and women
scientists over time, from their first publication to
their last.

Methodologically, our approach is cohort-based [1]
and longitudinal [2]. We track two cohorts of scientists
for up to 22 years. We examine the academic

Abbreviations

publishing careers of 34 970 biologists who started
publishing in 2000 (termed the 2000 cohort); and to
see the changes from a temporal perspective, we exam-
ine the publishing careers of 51 208 biologists who
started publishing in 2010 (termed the 2010 cohort).

Our focus is on the four academic disciplines closely
related to biology: AGRI, agricultural and biological
sciences; BIO, biochemistry, genetics, and molecular
biology; IMMU, immunology and microbiology; and
NEURO, neuroscience. The largest discipline studied
is BIO, with ~ 23 000 scientists in the older cohort
and 32 000 scientists in the younger cohort. In total,
we analyze the publishing histories of 86 178 scientists
from 38 OECD countries, tracking the entirety of their
academic careers until 2022.

AGRI, agricultural, biological sciences; ASJC, All Science Journal Classification; BIO, biochemistry, genetics, molecular biology; COMP, com-
puting; ENG, engineering; IMMU, immunology, microbiology; MATH, mathematics; NEURO, neuroscience; OECD, The Organization for Eco-
nomic Co-operation and Development; PHYS, physics and astronomy; STEM, Science, Technology, Engineering, and Mathematics; STEMM,

Science, Technology, Engineering, Mathematics, and Medicine.
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We quantify the phenomenon commonly referred to
in the literature as “leaving science” [3-8]. Our origi-
nal, larger study was focused on 16 STEMM disci-
plines (science, technology, engineering, mathematics,
and medicine) and 11 non-overlapping cohorts of sci-
entists (N =2 127 803) [9]. The present study is
restricted to the four related disciplines and two
cohorts of scientists.

We use micro-level bibliometric metadata regarded
as the digital traces left by (publishing) academic scien-
tists over their careers. Consequently, academic
non-publishers are not included in our research — as
they leave behind no metadata of a longitudinal nature
to examine. In fact, “academic career” as defined by
entering and leaving science here means “publishing
academic career.” However, publishing research arti-
cles in STEMM disciplines, following the long tradi-
tion of academic career studies, is equivalent to being
an active researcher in the field [10,11].

With digital traces left behind and indexed in global
publication datasets, individual scientists can be stud-
ied according to their academic age, seniority, institu-
tion type, collaboration and publishing patterns,
mobility, as well as discipline and gender [12,13], with
the latter two being the focus of this study. We use a
unique opportunity to track individuals over their aca-
demic careers at a level of detail and at a scale previ-
ously unattainable [14]. For large-scale multi-country
examinations of the science profession, only biblio-
metric datasets are possible sources of reliable data,
despite their limitations — which are widely discussed
in the scientometric literature.

Our global and longitudinal approach to academic
careers represents a more general turn toward struc-
tured big data in social science research [15], with
repurposing of new data [16]. In particular, we make
use of remarkable progress in defining the gender of
scientists with massive gender-detection tools [17,18].
Global academic career research can offer insight into
the professional trajectories of men and women scien-
tists and identify disciplinary and gender variations.

In this study, our interests go beyond biologists in
any single national science system or in any given year,
as in survey- and interview-based research. Our meth-
odological approach is longitudinal (rather than cross-
sectional) and global (rather than national). We view
the whole traditional monolith of STEMM science as
divided into several segments with vastly different rep-
resentations of women, with these changing at differ-
ent speeds in the past 30 [19].

Our original research about 16 STEMM disciplines
[9], from which the data on biologists are drawn, has
been discussed in 25 countries and in 15 languages, as

well as featured in Nature [20]. We assume that the
response to this research, in both popular and profes-
sional venues, is related to its scale, scope and longitu-
dinal dataset, which was used for new purposes —
examining the academic profession at a large scale,
beyond national borders, and by gender.

In the present study, we turned a large, raw, biblio-
metric dataset (Scopus) into a large dataset about aca-
demic careers in biology-related disciplines. The study
is longitudinal in the strict sense of the term: The two
cohorts are tracked over time for up to two decades
(2000-2022) on a yearly basis. Scopus is particularly
suitable for global analysis at the micro-level of indi-
vidual scientists because it 1is structured around
individual Scopus Author IDs, apart from its focus on
publications and their metadata [21]. In terms of data
flow, our sample consists of all scientists starting to
publish in 2000 or 2010, publishing in one of four dis-
ciplines (AGRI, BIO, IMMU, and NEURO), having
at least two research articles in their lifetime publishing
portfolios, and having clearly defined affiliations in an
OECD country and a clearly defined gender (binary:
male or female).

Previous studies

Here, our focus is on persistent gender differences in
biologist attrition (leaving science/quitting academic
publishing). Research conducted over the past three
decades has shown that attrition is generally greater
for women than for men [5,7]; women are reported to
leave science earlier and much more frequently than
men. Gender differences in attrition have been
explained by several hypotheses and discussed using
useful metaphors such as “leaky pipeline” and “chilly
climate” [22,23]. In general terms, a chilly climate in
STEM disciplines means an unwelcoming work envi-
ronment for women. And a hostile environment can
discourage women from entering and pursuing aca-
demic careers [24].

While the “pipeline” perspective is focused on indi-
viduals, the “pathways” perspective is focused on orga-
nizations [25]. The critical point in the pathways
perspective is that the social structures of the science
enterprise are changeable. The focus of the pathways
literature is on the structural conditions of science [26].
A somehow passive flow of women between academic
career stages is assumed in the first metaphor; in the
second, in contrast, the focus is on possible actions to
be taken to make academic workplaces more equita-
ble [27]. The pipeline metaphor disregards “persistent
exclusionary messages” directed at women [28] and the
practical answer for this perspective is to block their
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leakage [27] and to increase their supply (see criticism
in Ref. [25]).

The “pathways” metaphor, in contrast, emphasizes
progression in science and its focus is on the organiza-
tional culture [29]. The organizational culture involves
shared values, beliefs, and behaviors; it defines what is
valued in organizations and promotes standard “ways
of doing business.” Ways of doing business also tend
to influence how women collaborate internationally
[30] and how they form research teams [31].

The conceptual explanations why faculty leave
higher education include often “push” and “pull” fac-
tors (a line of research started in Ref. [32]). However,
if push factors are minimal, then pull factors are
expected to have less weight in departure decisions [8].
The internal push is generally more important than the
external pull in most departure decisions [32-34].
Internal environmental factors influencing decisions to
leave consist of both intangible and tangible benefits
of the job [32].

A recent study based on surveys and interviews with
ex-academics shows how the push and pull factors are
interlinked: individual factors (such as lack of interest
in research or unwillingness to compete for academic
positions) trigger individual decisions to leave acade-
mia. Individual factors tend to mediate push and pull
factors [34]. Scientists and scholars work in ever more
competitive and unstable environments — which makes
many of them wonder not only about changing their
institutions but also changing the sector entirely, that
is, leaving academia.

It is important to remember, while discussing attri-
tion in science, that organizational cultures are always
fluid rather than stable and that work expectations
play fundamental roles in faculty careers [35]. Faculty
before joining the academic profession have a general
sense of what it is to be part of the academic commu-
nity — and for many, these expectations can be unmet.
The practical implication is to “leave less unsaid” to
new generations of incoming scientists, to avoid “bro-
ken contracts” [35], leading to disillusionment with an
institution or with the profession.

Scientists often quit science because of work-life
balance [3,36]. However, what also matters in taking
departure decisions is low job security and relatively
low salaries in academia [37], as well as discrimination
[5]. Women, at every career stage, are reported to be
leaving academia at higher rates than men [8]. A
recent survey study shows that work climate is more
important for women than work-life balance in taking
their decision to leave academic careers [38]. The
authors highlight that women are more likely to report
feeling pushed out of their academic institutions than

FEBS Letters (2025) © 2025 Federation of European Biochemical Societies.

The Scientists’ Forum

men. And men are often pulled toward attractive out-
side opportunities, either in the academic sector
or beyond. Literature also shows that an academic cul-
ture explains better the underrepresentation of women
in most STEM disciplines than family responsibilities
[4].

Leaving science is a traditional scholarly topic,
explored mostly through case study research (based on
surveys and interviews) or through multi-year US stud-
ies of post-secondary faculty leading to single-nation
results. Concepts such as “intentions to leave” and
“faculty turnover” have been studied for several
decades [3,8,36,37]. Most attrition studies have focused
on single academic institutions (as in Refs [5,32]) and
their geographical scope was restricted to the United
States (exceptions include Milojevic er al. [39], who
studied several disciplines by using data from major
academic journals).

Data and methods

We analyzed the publishing careers of 34 970 biolo-
gists who started academic publishing in 2000 and
51 208 biologists who started academic publishing in
2010. We examined four biology-related disciplines:
AGRI, BIO, IMMU, and NEURO. In all, we ana-
lyzed the publishing histories of 86 178 biologists from
38 OECD countries, tracking the entirety of their pub-
lishing careers until 2022. Our data come from Scopus,
a global publishing and citation database. Our access
to the raw Scopus dataset was granted through the
International Center for the Study of Research (ICSR)
Lab platform.

Leaving science was conceptualized as no longer
publishing in academic journals. We used a “survival
analysis” of the publishing behavior of individuals
over the years — until the event of finally not publish-
ing occurs. Using the bibliometric dataset, we were
able to locate in time the event of not publishing and
to analyze gender and disciplinary differences in attri-
tion (and retention) for different cohorts of scientists,
or for scientists starting their academic careers at dif-
ferent points in time.

We conceptualized scientific life as a sequence of
scholarly publishing events. Scientists do research —
and publish research findings. Leaving science (or quit-
ting publishing) was therefore conceptualized as an
event located in the academic biographies of scientists,
and survival analysis was applied. In survival analysis,
the timing of the occurrence of an event is explored.

In our case, some scientists did not experience the
event in 2022 or earlier. They continued publishing.
These were termed right-censored observations about
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which we had only partial information (for instance,
the event may have occurred in 2023 or 2024). There-
fore, to classify an author as leaving science, the final
publication had to be dated 2018 (and marked as leav-
ing science in 2019) or earlier. We used only uncen-
sored cases, which represent observations for which we
have both the start and end year of being in science.

We were not able to distinguish between scientists
stopping publishing and scientists aging out of aca-
deme: in our data, generally, both finish their (publish-
ing) careers. However, our study is cohort-based: all
scientists in our sample had their first publication in
either 2000 or 2010. The tacit assumption based on
age distribution of newcomers in academic science is
that the chance for STEM scientists to be retiring after
15 or 25 years is small, although such an option can-
not be entirely excluded (our large-scale study of the
correlation between academic age and biological age in
science shows that the correlation coefficient ranges
from 0.82 for biochemistry, genetics, and molecular
biology to 0.90 for immunology and microbiology
[40]).

For the four disciplines, for each subsequent year,
we had the initial number of scientists entering the
time interval (which consisted of scientists who left sci-
ence during the interval and those who stayed in
science in the following interval — in our case, the fol-
lowing year). The probability of survival until a given
time interval was calculated by multiplying all proba-
bilities of survival across all time intervals preceding
the time [41].

Survival analysis is presented in tables, separately
for each discipline, and in graphs that highlight disci-
plinary differences in attrition and retention over time
and by gender. We tested the power of structured and
reliable big data of the bibliometric type to examine
milestones in academic careers (as in Ref. [19] on the
inflow of young male and female scientists in 38
OECD countries).

From a disciplinary perspective, the major dividing
line is between male-dominated STEMM disciplines,
with participation of women scientists usually lower
than 20% and very slowly increasing over time, and
the STEMM disciplines in which gender balance has
been achieved. We assume that gender balance in sci-
ence means the participation of women at the level of
40-60% [42].

In the four disciplines, for the two cohorts exam-
ined, gender balance has been achieved. For instance,
in the largest discipline of BIO, 47.83% of the 2000
cohort and 52.75% of the 2010 cohort were women
(Table 1). Our previous research showed that in
gender-balanced disciplines, the attrition of women

Table 1. The sample, four disciplines, two cohorts of scientists
(2000 and 2010) by gender.

Men Women

Total
N % N % N
Panel 1: the 2000 cohort
AGRI 4962 62.26 3008 37.74 7970
BIO 11 839 52.17 10 853 47.83 22 692
IMMU 805 45.35 970 54.65 1775
NEURO 1353 53.41 1180 46.59 2533
Total 18 959 54.22 16 011 45.78 34 970
Panel 2: the 2010 cohort
AGRI 6755 52.81 6037 47.19 12 792
BIO 14 905 47.25 16 637 52.75 31 542
IMMU 939 39.77 1422 60.23 2361
NEURO 2153 47.71 2360 52.29 4513
Total 24 752 48.34 26 456 51.66 51 208

was higher than that of men. For the heavily
male-dominated disciplines of MATH (mathematics),
COMP (computing), ENG (engineering), and PHYS
(physics and astronomy), in contrast, attrition rates
for men and women were nearly equal across 38
OECD countries, with no statistically significant
differences.

Membership in the four disciplines was determined
by computing all cited references in all publications
published during whole academic careers. All cited ref-
erences for each individual scientist were linked to aca-
demic journals (using the ASJC journal classification
list used in Scopus), and the most often occurring
value (or the modal value) was selected. When two
modal values occurred in computations, the individual
scientist was removed from further analysis.

Consequently, we used a sample of scientists with
clearly determined characteristics: they were all
research-active in the four disciplines and they had a
clearly determined country affiliation and an unambig-
uously determined gender. They were also assigned a
year of exit from academic publishing. Details regard-
ing determination of the various individual-level char-
acteristics of the larger sample from which the
subsample of biologists was derived were discussed in
our original report and its appendices [9]. What is
especially important is the validity of gender determi-
nation. We inferred gender from bibliometric metadata
by using Namsor, one of the best gender-detection
tools currently available [43].

Results
A classic statistical technique for survival analysis is

the Kaplan—Meier estimate of survival [41], with a plot
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Fig. 1. 2000 cohort of scientists, Kaplan—-Meier survival curve, AGRI, agricultural and biological sciences (N = 7970), BIO, biochemistry,
genetics, and molecular biology (N = 22 692), IMMU, immunology and microbiology (N = 1775), and NEURO, neuroscience (N = 2533). The

four disciplines combined (N = 34 970).

of the Kaplan—Meier estimator shown as a series of
characteristically declining horizontal steps of various
heights. Figure 1 shows gender differences in attrition
(and retention) for the 2000 cohort of scientists sepa-
rately for each discipline through Kaplan—Meier sur-
vival curves. Steps lead down over time, one step for
1 year, with probabilities of staying in science shown
on the y-axis and the number of years spent publishing
since 2000 on the x-axis. Small crosses denote
right-censored observations for the three most recent
years studied (i.e., 2020-2022), which were not used in
computations.

For the 2000 cohort, we can observe, year after
year, how the probability of staying in science is
always higher for men and always lower for women.
Similarly, Fig. 2 shows gender differences for the 2010
cohort. What is clearly visible at the level of survival
curves is that attrition levels for the younger cohort of
scientists are higher (and consequently retention levels
are lower), both for men and women, than for the
older cohort.

Young people, usually in the career stage of doc-
toral school, come to biology and disappear from it
much faster in the younger cohort. At the same time,
the two pictures of the two cohorts coming and

FEBS Letters (2025) © 2025 Federation of European Biochemical Societies.

staying in science differ considerably in gender terms.
The differences for the younger cohort are lower, espe-
cially in the two largest disciplines examined, namely,
AGRI and BIO.

None of the disciplines was resistant to changes
from a temporal perspective. Time matters in science:
while there were ever more women in the disciplines
(Table 1), gender differences in the attrition (and
retention) rates became smaller over time.

Overall, 62.8% of women in the 2000 cohort in BIO
were still in science after 5 years, 41.7% after 10 years,
and only 23.4% by the end of the period examined (or
after 19 years). For men in BIO, the percentages were
substantially higher: 69.2%, 51.4%, and 32.7%,
respectively (Table 2). These numbers highlight how
differently, on average, male and female careers devel-
oped over time.

Thus, women in BIO were 10.19% more likely to
drop out of science than men after 5 years, with mark-
edly increasing chances of dropping out in later years.
Women were 23.26% more likely to leave science after
10 years, and 39.74% more likely to leave science
before the end of the studied period. Gender difference
in attrition, only slightly visible after 5 years, consis-
tently increased in later career stages.
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Fig. 2. 2010 cohort of scientists, Kaplan-Meier survival curve, AGRI, agricultural and biological sciences (N = 12 792), BIO, biochemistry,
genetics, and molecular biology (N = 31 542), IMMU, immunology and microbiology (N = 2361), and NEURO, neuroscience (N = 4513). The

four disciplines combined (N = 51 208).

Similarly, women in NEURO were 15.77% more
likely to drop out than men after 5 years, 25.61%
more likely to leave science after 10 years, and 39.42%
more likely to leave science by the end of the studied
period. After 19 years (i.e., only uncensored observa-
tions), the chances of surviving in either BIO or
NEURO were 40% higher for men than for women
(Table 2 and Table S4).

In the two other disciplines, gender differences in
attrition were considerably lower. For AGRI, the
chances of surviving 10 years were 15.21% higher for
men, and 19 years, 16.49% higher for men (Table 3).
For IMMU, our data show 14.29% and 20.28%,
respectively (Table S3).

The Kaplan—Meier survival curves reflect the under-
lying data produced for each cohort, year, discipline,
and gender. Table 2 (for BIO) and Table 3 (for AGRI)
highlight the changing Kaplan—Meier probability of
staying in science (with a 95% confidence interval) sep-
arately for women and men in each year starting with
2000 (or 2010).

Taking scientists in BIO as an example, in year
2000, 10 853 women and 11 839 men had their first
publication, but in year 1 (Table 2), 526 women and
494 men stopped publishing. In year 1, the difference

in retention (and, by definition, in attrition, its mirror
image) between men and women was small but statis-
tically significant. However, the gender difference in
retention increased with every year, from 10.19%
after 5 years to 39.74% after 19 years. Gender differ-
ences were substantial and statistically significant,
with narrow confidence intervals indicating high con-
centrations of observations around the percentages
shown.

In the case of the 2010 BIO cohort, the gender dif-
ference in retention was lower, and after 9 years, that
is, in the last year examined in our study, 38.7% of
women stayed in science, as opposed to 44.8% of men.
For this younger cohort, the probability of staying in
science after 9 years was 15.76% higher for men, com-
pared with 20.94% in the older cohort.

Importantly, while gender differences in attrition
diminished, attrition became an ever more acute prob-
lem: after 9 years (with no data beyond this period),
retention rates decreased by more than 15 percentage
points (from 61.2% to 47.3% for women and from
69.7% to 51.8% for men). The chances of surviving in
science became smaller for both men and women. This
indicates an issue requiring reflection not only on
women but on the science workforce in general.
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Table 2. 2000 and 2010 cohorts of scientists, BIO, biochemistry, genetics, and molecular biology. Kaplan—-Meier estimate by gender with
total counts for men and women, time (in years), number of observations of scientists leaving science. Kaplan-Meier probability of staying
in science with a 95% confidence interval.

Women (cohort 2000)

Men (cohort 2000)

Probability of staying

Time No. leaving KM probability (staying) No. leaving KM probability (staying) is higher for men by
(years) n science with 95% Cl and SE n science with 95% Cl and SE ... (in %)
1 10853 526 0.952 (0.948-0.956)* 11839 494 0.958 (0.958-0.958)° 0.63
2 10327 971 0.862 (0.856-0.869)* 11 345 865 0.885 (0.885-0.885)* 2.67
3 9356 956 0.774 (0.766-0.782)% 10 480 900 0.809 (0.809-0.809)* 4.52
4 8400 901 0.691 (0.682-0.700)* 9580 754 0.746 (0.746-0.746)° 7.96
5 7499 678 0.628 (0.619-0.638)* 8826 637 0.692 (0.692-0.692)° 10.19
6 6821 607 0.573 (0.563-0.582)% 8189 530 0.647 (0.647-0.647)% 12.91
7 6214 526 0.524 (0.515-0.534)* 7659 445 0.609 (0.609-0.609)* 16.22
8 5688 465 0.481 (0.472-0.491)2 7214 435 0.573 (0.573-0.573)* 19.13
9 5223 353 0.449 (0.439-0.458)* 6779 349 0.543 (0.543-0.543)* 20.94
10 4870 345 0.417 (0.408-0.426)% 6430 341 0.514 (0.514-0.514)* 23.26
11 4525 290 0.390 (0.381-0.400)* 6089 292 0.490 (0.490-0.490)* 25.64
12 4235 255 0.367 (0.358-0.376)* 5797 254 0.468 (0.468-0.468)° 27.52
13 3980 249 0.344 (0.335-0.353)* 5543 255 0.447 (0.447-0.447)7 29.94
14 3731 210 0.324 (0.316-0.333)* 5288 251 0.425 (0.425-0.425)* 31.17
15 3521 212 0.305 (0.296-0.314)% 5037 212 0.408 (0.408-0.408)* 33.77
16 3309 189 0.287 (0.279-0.296)* 4825 205 0.390 (0.390-0.390)° 35.89
17 3120 198 0.269 (0.261-0.278)* 4620 279 0.367 (0.367-0.367)° 36.43
18 2922 184 0.252 (0.244-0.261)% 4341 221 0.348 (0.348-0.348)° 38.10
19 2738 203 0.234 (0.226-0.242)* 4120 243 0.327 (0.327-0.327)* 39.74
Women (cohort 2010) Men (cohort 2010)
1 16 637 715 0.957 (0.954-0.960)* 14 905 600 0.960 (0.960-0.960)° 0.31
2 15922 1423 0.871 (0.866-0.877)° 14305 1199 0.879 (0.879-0.879)° 0.92
3 14 499 1464 0.783 (0.777-0.790)* 13 106 1085 0.807 (0.807-0.807)* 3.07
4 13 035 1389 0.700 (0.693-0.707)% 12 021 1092 0.733 (0.733-0.733)* 4.71
5 11 646 1246 0.625 (0.618-0.633)* 10929 940 0.670 (0.670-0.670)° 7.20
6 10 400 1158 0.556 (0.548-0.563)% 9989 901 0.610 (0.610-0.610)* 9.71
7 9242 980 0.497 (0.489-0.504)% 9088 805 0.556 (0.556-0.556)* 11.87
8 8262 931 0.441 (0.433-0.448)% 8283 806 0.502 (0.502-0.502)* 13.83
9 7331 895 0.387 (0.380-0.394)% 7477 797 0.448 (0.448-0.448)7 15.76

@Standard error of 0.01 (total in Table S1).

Comparing the four disciplines, for the older cohort,
gender differences

in retention were highest for

The estimated probability that a woman would sur-

vive in science 15 years differed considerably between

NEURO after 5 years, after 10 years, and at end of
the period examined, reaching 10% in each case.
Cross-disciplinary differences were marked, with only
about 20% of women in IMMU contrasted with about
40% in AGRI remaining in science at the end of the
period.

Comparing the four disciplines for the younger
cohort after 9 years, the highest probability of staying
in science was observed for AGRI (47.3% for women,
51.8% for men), with women in the other disciplines
having probabilities below 40%. The gender difference
was highest for NEURO, reaching nearly 10 percent-
age points (39.1% vs. 48.9%).

FEBS Letters (2025) © 2025 Federation of European Biochemical Societies.

the four disciplines: it varied from as much as 47.8%
in AGRI (95% confidence interval: 0.461-0.496) to as
little as 27.6%, or 20 p.p. less, in IMMU
(0.250-0.306). For men, the probabilities were much
higher at 56.2% and 32.7% (higher by 17.57% and
18.48%, respectively; Table 2 and Table S2).

Our data show that women in BIO (as well as those
AGRI and NEURO) disappeared from science, with
the passage of time, in ever-larger proportions com-
pared with men. In contrast, women in male-
dominated disciplines — with shares of women in the
range of 15-20%, namely PHYS, COMP, and MATH,
disappeared from science in almost exactly the same
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Table 3. 2000 and 2010 cohorts of scientists, AGRI, agricultural and biological sciences. Kaplan—-Meier estimate by gender with total counts
for men and women, time (in years), number of observations of scientists leaving science. Kaplan—-Meier probability of staying in science

with a 95% confidence interval.

Women (cohort 2000) Men

(cohort 2000)

Probability of staying

Time No. leaving KM probability (staying) with No. leaving KM probability (staying) with is higher for men by
(years) n science 95% Cl and SE n science 95% Cl and SE ... (in %)
1 3008 125 0.958 (0.951-0.966)° 4962 138 0.972 (0.972-0.972)% 1.46
2 2883 167 0.903 (0.892-0.914)? 4824 226 0.927 (0.927-0.927)* 2.66
3 2716 170 0.846 (0.834-0.859)° 4598 212 0.884 (0.884-0.884)" 4.49
4 2546 145 0.798 (0.784-0.813)° 4386 169 0.850 (0.850-0.850)* 6.52
5 2401 144 0.750 (0.735-0.766)° 4217 182 0.813 (0.813-0.813)* 8.40
6 2257 125 0.709 (0.693-0.725)* 4035 158 0.781 (0.781-0.781)7 10.16
7 2132 115 0.671 (0.654-0.688)° 3877 142 0.753 (0.753-0.753)* 12.22
8 2017 95 0.639 (0.622-0.656)° 3735 131 0.726 (0.726-0.726)* 13.62
9 1922 82 0.612 (0.595-0.629)° 3604 146 0.697 (0.697-0.697)* 13.89
10 1840 79 0.585 (0.568-0.603)* 3458 113 0.674 (0.674-0.674)% 15.21
11 1761 76 0.560 (0.543-0.578)° 3345 113 0.651 (0.651-0.651)° 16.25
12 1685 70 0.537 (0.519-0.555)* 3232 115 0.628 (0.628-0.628)* 16.95
13 1615 65 0.515 (0.498-0.533)° 3117 109 0.606 (0.606-0.606)" 17.67
14 1550 59 0.496 (0.478-0.514)? 3008 124 0.581 (0.581-0.581)* 17.14
15 1491 53 0.478 (0.461-0.496)° 2884 97 0.562 (0.562-0.562)" 17.57
16 1438 59 0.458 (0.441-0.477)° 2787 126 0.536 (0.536-0.536)" 17.03
17 1379 60 0.438 (0.421-0.457)? 2661 104 0.515 (0.515-0.515)* 17.58
18 1319 61 0.418 (0.401-0.436)7 2557 144 0.486 (0.486-0.486)" 16.27
19 1258 90 0.388 (0.371-0.406)* 2413 169 0.452 (0.452-0.452)* 16.49
Women (cohort 2010) Men (cohort 2010)
1 6037 252 0.958 (0.953-0.963)° 6755 265 0.961 (0.961-0.961)? 0.31
2 5785 431 0.887 (0.879-0.895)° 6490 442 0.895 (0.895-0.895)* 0.90
3 5354 456 0.811 (0.802-0.821)? 6048 452 0.828 (0.828-0.828)" 2.10
4 4898 415 0.743 (0.732-0.754)* 5596 397 0.770 (0.770-0.770)* 3.63
5 4483 351 0.684 (0.673-0.696)° 5199 351 0.718 (0.718-0.718)* 4.97
6 4132 330 0.630 (0.618-0.642)° 4848 354 0.665 (0.665-0.665)" 5.56
7 3802 331 0.575 (0.563-0.588)* 4494 317 0.618 (0.618-0.618)* 7.48
8 3471 305 0.524 (0.512-0.537)° 4177 342 0.568 (0.568-0.568)" 8.40
9 3166 311 0.473 (0.460-0.486)" 3835 338 0.518 (0.518-0.518)? 9.51

@Standard error of 0.01 (total in Table S2).

proportions as men — with the two Kaplan—Meier
curves overlapping and no statistically significant dif-
ferences — in the entire period examined [9]. For a
more comprehensive view of gender differences in
attrition and retention in the four disciplines, we corre-
lated the data on both cohorts to discuss three other
approaches — survival regression curves, hazard rate
curves, and kernel density curves — separately for each
discipline.

Survival analysis models the time until an event of
interest (here, ceasing publishing) occurs. For some
proportion of the 2000 and 2010 cohorts, the event
occurred. Hazard is the probability of an event occur-
ring during any given time. We calculated the proba-
bility that any given scientist would cease publishing
each year and plotted the results. The survival

regression curve is actually a smoothed Kaplan—Meier
curve, with the share of authors gradually declining
over time.

The survival regression curves for the four disci-
plines for both cohorts (Figs 3 and 4, Panels A; as well
as Figs S1 and S2, Panels A) show a steeper decline in
early publishing careers. The decline is smoother later
on, and divergence between the curves for men and
women from the 2000 cohort increases. Top panels
refer to cohort 2000 and bottom panels refer to
cohort 2010.

The hazard rate curves for both cohorts (Panels B)
show that attrition was greater in the early publishing
years. Especially, in BIO and NEURO for the 2000
cohort and for the first 15 years, women had greater
chances of leaving science than men. The short-term

FEBS Letters (2025) © 2025 Federation of European Biochemical Societies.
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Fig. 3. 2000 (top panel, N = 7970) and 2010 (bottom panel, N = 12 792) cohorts of scientists, AGRI, agricultural and biological sciences.
Panels (A) Survival regression curve (exponential distribution fitting of Kaplan—-Meier curve). Panels (B) Hazard rate curve (B-splines
smoothing method, smoothing parameter 10 k). Panels (C) Kernel density curve (B-splines smoothing method, bandwidth 2, component per

point based on Gaussian curve).
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risk of ceasing publishing is greater in the early years
of publishing careers, after which the risk decreases
over time. The riskiest years are always the early years
in science. Most importantly, gender differences are
visible for all disciplines examined, with the curves for
men and women never overlapping (except for AGRI,
cohort 2000).

Kernel density estimations for both cohorts (Figs 3
and 4, Panels C) display the distribution of values in a
dataset using one continuous curve identifying the
shape of the distribution. Kernel density curves show
how all men and women who actually left science are
distributed over time. The curves are easily interpret-
able because the area under the curve always reaches
100%. For both cohorts, the shares of scientists who
left science were highest for the first 2-4 years (repre-
senting the doctoral stage).

The survival regression curves mirror the Kaplan—
Meier curves. They highlight consistent and large gen-
der differences in attrition, especially in BIO and
NEURO. The differences visible for the older cohort
are still visible for the younger cohort. The hazard rate
curves show that in two disciplines (NEURO and
IMMU), the chances of leaving science were as gen-
dered for the younger cohort as they were for the
older one. Finally, kernel density curves show largely
the same stories about the four disciplines: for both
cohorts, disappearing from science was more intensive
in the first 4 years, and much less intensive after
10 years. The distribution patterns of the leavers were
largely similar for men and women.

Discussion

The conceptualization of leaving science as quitting
academic publishing does not entail any other aca-
demic or non-academic roles (teaching and administra-
tion, as well as working for governments, NGOs,
industry, etc.). In our simplified methodological
approach, a sequence of globally indexed publications
replaces a sequence of much wider cognitive and social
processes encompassing the various dimensions of
‘doing science’ [44,45]. In it, not publishing in schol-
arly journals means not doing science anymore —
which is a fairly simple approach driven by data avail-
ability for a global study like ours.

The metadata about publications at an individual
level, with considerable cleaning and computing, are
globally (and longitudinally) available for comparative
research. In contrast, micro-data about employment in
the science sector — first employment, changing sectors
— including academia, are not available. Our research
would not be possible without access to micro-data
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drawn from the raw Scopus dataset and computed
using commercial, cloud-based computing
infrastructure.

Our study has an OECD focus: all data refer to 38
OECD countries combined. However, it is also possi-
ble to compare differences by country. We have pub-
lished an interactive tool that provides the results of
the Kaplan—Meier probability of staying in science by
country, discipline, and gender for 11 cohorts (the
2000-2010 cohorts, N =2 127 803). The snapshot in
Fig. 5 shows the probability of staying in science after
10 years for women from the 2000 cohort for major
European countries in biochemistry, genetics, and
molecular biology (BIO). It reaches only 30% in Ger-
many, as opposed to the much higher 83% in Portugal
and 64% in Poland (see also an interactive presenta-
tion in Nature news covering this research [46]).

The chances of surviving in biochemistry, genetics,
and molecular biology greatly differ across Europe.
The various retention rates reflect different national
conditions in the science sector changing over time. In
some countries, push factors are important in leaving
decisions (e.g., the science sector being an unattractive,
perhaps unwelcoming workplace for women), while in
others, pull factors matter (e.g., outside opportunities
are attractive, pulling scientists to industry). Examples
include computing in the USA, chemistry and engi-
neering in Germany, with attractive non-academic
workplaces — as opposed to almost all disciplines in
Poland and Portugal. There, pull factors have tradi-
tionally been weak, with outside, non-academic oppor-
tunities for scientists being limited.

Exploring attrition and retention in science at a
multi-country scale has limitations — but it also creates
new opportunities. Disciplines can be examined across
many countries, and conclusions can be drawn about
cross-disciplinary differences within the STEMM disci-
plines. The traditional “leaky pipeline” and “chilly cli-
mate” metaphors can be tested in detail, using large
populations of scientists from different countries and
different disciplines.

While regarded as a monolith, there are large varia-
tions among STEMM disciplines, especially in their
gender composition over time. With global datasets,
attrition and retention — coming to science and leaving
it — can be explored from a longitudinal perspective in
which the same individual scientists are tracked for
years and decades, rather than from the perspective of
annually changing averages in the science profession
by gender in countries and institutions. These are
known from traditional science and engineering statis-
tics at an aggregated level, which hide the different
career trajectories of men and women.

FEBS Letters (2025) © 2025 Federation of European Biochemical Societies.
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Kaplan-Meier probability of staying in science

Discipline Gender Cohort
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Fig. 5. BIO, biochemistry, genetics, and molecular biology. Women scientists from cohort 2000, probability of staying in science after
10 years. A snapshot of an interactive map (available at https://public.tableau.com/app/profile/marek.kwiek/viz/Attrition-in-science-OECD/
Dashboard) in which Kaplan-Meier probabilities of remaining in science (i.e., continuing publishing) are provided by country (38 OECD coun-
tries), discipline, and gender and for all 11 cohorts from 2000 to 2010 (N = 2 127 803 scientists in 16 STEMM disciplines, 1 289 756 men

and 838 047 women).

Attrition, as it emerged from our results for scien-
tists in AGRI, BIO, IMMU, and NEURO, is a perma-
nent challenge in science. Attrition affects men and
women alike — but in these disciplines, with gender
balance already achieved (according to the 40/60 for-
mula), attrition affects women much more powerfully
than men.

About 60% of women from the 2000 cohort in BIO
were still in science after 5 years, 40% after 10 years,
and only 20% at the end of the period examined (i.e.,
after 19 years). In stark contrast, the percentages were
substantially higher for men: ~ 70%, 50%, and 30%,
respectively (Table 2). These reflect enormous differ-
ences in how, on average, male and female careers

FEBS Letters (2025) © 2025 Federation of European Biochemical Societies.

develop over time. Kaplan—Meier estimations show
that women in BIO were one quarter more likely to
leave science after 10 years (23.26%), and as much as
40% more likely to leave science by the end of the
study period (39.74%). In the four disciplines exam-
ined here, gender differences in attrition and retention
have been and continue to be high and are only
slightly decreasing over time. The data throw new light
on careers in BIO (and related fields) in the 38 OECD
countries combined.

Our online interactive tool (Fig. 5) reports data
about retention in BIO for the USA (the largest
OECD science system): 60% vs. 70% after 5 years,
40% vs. 51% after 10 years, and 20% vs. 30% at the
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end of the study period for women vs. men, respec-
tively. The Kaplan—Meier probability of surviving
19 years in BIO in the USA was 50% higher for men
(61.11% higher for men in IMMU, 52% in NEURO,
but only 20.59% in AGRI - for which the highest
retention rates were also observable for each year).

It is intriguing that in the disciplines where gender
balance has been achieved (as in the four studied
here), for both older and younger cohorts of scientists,
the chances of women surviving were consistently
lower than for men. However, in disciplines where
there is a long way to go to achieve equal representa-
tion of men and women (as in mathematics, comput-
ing, or engineering), for both cohorts, women’s
chances of surviving were equal to those of men, with
no statistically significant differences at all.

Consequently, increasing the representation of
women in science does not automatically guarantee
increasingly equal attrition rates for men and women.
In short, the problem for women in male-dominated
disciplines is how to get there (conceptualized with our
dataset as how to start publishing). The problem for
women in the biology-related disciplines examined
here, with equal gender representation, is not so much
getting there—it is actually staying there (i.e., continu-
ing to publish) for as long as men do.

We are currently studying the why question in attri-
tion and retention: what makes men and women leave
— implementing a global survey of 100 000 carefully
selected “survivors in science” or scientists with 25—
35 years of publishing careers across STEMM and
social sciences.
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Elsevier cannot be made openly available.
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Fig. S1. 2000 (N = 1775) and 2010 (N = 2361) cohorts
of scientists, IMMU, immunology and microbiology.
Fig. S2. 2000 (N = 2533) and 2010 (N = 4513) cohorts
of scientists, NEURO, neuroscience.

Table S1. 2000 and 2010 cohorts of scientists, BIO,
biochemistry, genetics, and molecular biology.

Table S2. 2000 and 2010 cohorts of scientists, AGRI,
agricultural and biological sciences.

Table S3. 2000 and 2010 cohorts of scientists, IMMU,
immunology and microbiology.

Table S4. 2010 and 2010 cohorts of scientists,
NEURO, neuroscience.
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