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Abstract

Multiple studies have shown that women’s likelihood of receiving research funding is lower
than that of their male colleagues. Thus far, all research on this gender gap in academia has
focused on post-PhD academics, making it difficult to discern whether the female disad-
vantages in number of publications, previous grants, maternity leave, and h-indexes are
at the root of the gender gap in received funding, or whether it is due to a more funda-
mental gender bias in academia. Therefore, we investigated whether female university
students are already disadvantaged in receiving their first grant in their scientific career.
We analysed data on applications (N=2651) from 1995 to 2018 to the Leiden University
International Study Fund (LISF), a fund dedicated to support students to study or conduct
research abroad. We found that men and women applied equally often to the LISF. How-
ever, women had a lower success rate, which seemed to only get worse over recent years.
Furthermore, male and female applications were assessed to be equal in quality when gen-
der-related information was removed from them. The current study demonstrates that the
factors that were assumed to contribute the most to the gender gap in more senior academ-
ics (e.g. previous grants, h-index) do not explain it fully: even when those factors do not yet
play a role, such as in our student sample, women were found to have lower success rates
than men. This underscores the importance of attacking gender biases at its roots.

Keywords Early career gender bias - Grant funding - Gender bias trend - Award success -
Gender gap in science

Introduction
In the twenty-first century, women are still underrepresented in high positions in academia

(European Commission, 2016). They advance to higher positions more slowly than men
do and leave scientific careers in disproportionate numbers (Burrelli, 2008; Goulden et al.,
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2011; Heijstra et al., 2015; Johnson, 2016). Additionally, multiple studies have shown
that women’s likelihood of receiving research funding is lower than that of their male col-
leagues (Bornmann et al., 2007; Bornmann et al., 2008; European Commission, 2019;
Steinthorsdottir et al., 2020; Van der Lee & Ellemers, 2015) and it is unclear whether this
is the result or the cause of a less successful career. Thus far, all research on gender biases
in academia has focused on post-PhD academics, making it difficult to disentangle cause
and consequence of the situation. For students at the Bachelor or Master level, factors such
as publications, previous grants, maternity leave, and h-indexes that contribute to enlarging
the gap between men and women in science do not yet play a major role. To assess whether
the existing gender patterns in academia are the result of a fundamental gender bias, the
current study addresses whether gender differences are already of influence amongst
(under)graduate students (pre-PhD level) applying for a grant to fund a study-related stay
abroad.

A potential cause of the skewed gender ratio in funding received might be women
applying less often than their male colleagues. Indeed, it was found that only 15.3% of all
applicants of the multidisciplinary Australian Research Council were female (Marsh et al.,
2008). However, a more recent study conducted in the Netherlands showed that the propor-
tion of female applicants to the prestigious Dutch Veni-grant for early-career researchers
was much higher: 42.1% (Van der Lee & Ellemers, 2015). The difference between these
reported numbers might be explained by results from the United States National Institutes
of Health awards: in the categories for early-career researchers, the average application
rates over all programs were approximately equal for men and women, whereas men are
represented significantly more in the advanced researchers’ competitions than women are
(Pohlhaus et al., 2011). It is, though, important to compare female application proportions
to the total proportion of potential female applications in order to draw substantial conclu-
sions on gender (in)equality in application rates. For example, a female application rate of
50% within the field of psychology may sound good at first, but taking into account that
80% of the students is female (at least at our own institute) changes the interpretation of
that initial percentage. This also applies to career stage, as typically, fewer females can be
found at the higher levels. When examining all applications to both the Wellcome Trust
in bioscience and the Medical Research Council, it was found that even though 44% of
all academic staff in medicine and biosciences in the United Kingdom were female, only
roughly 20% of all applications were submitted by women (Grant et al., 1997). The current
study aims to gain more insight into whether women indeed apply less often. If applica-
tion rates are equal for male and female university students when the total pool of potential
applicants is controlled, factors like previous grants and publication rates may in fact be
contributing to the differences that are found between male and female scientists at the
post-PhD level. It is thus beneficial to investigate a student sample.

Secondly, multiple studies have found that women are less successful in receiving
research funding than men (Bornmann et al., 2007; Bornmann et al., 2008; European Com-
mission, 2019; Steinthorsdéttir et al., 2020; Van der Lee & Ellemers, 2015), often inde-
pendent of their application rates. Overall, across the European Union, success rates for
scientific funding are 3% higher for men than they are for women (European Commission,
2019). In a meta-analysis of 21 studies on grants awarded in a peer review process, similar
results were found: men had greater odds of receiving a grant than women by about 7%
(Bornmann et al., 2007). Strikingly, when investigating the University of Iceland Research
Fund from 2010 to 2014, it was found that for every grant awarded to a woman, men
received between 1.5 and 2.0 grants (Steinsthdrsdéttir et al., 2020). Such a clear advan-
tage for men was also found in the data of the Swiss National Science Foundation from
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2004 to 2006: men had 26% greater odds of approval than women (Bornmann et al., 2008).
A study in the Netherlands on the Veni-grant specifically reported both the proportion of
female applications (42.1%) and the proportion of female grant-allocations (37.9%), show-
ing women are indeed skimmed over and thus have lower success rates independent of
application rates (Van der Lee & Ellemers, 2015). However, more recent numbers on the
more advanced Vici-grant awarded in 2019 in the Netherlands, show an opposite pattern:
of all applications 35% were by women, and 65% by men, whereas of all grants allocated,
56% were to women and only 44% to men (NWO, 2020).

Since the issue of a gender bias against women has become more apparent in the last
years, and many campaigns have been launched to combat it, we might expect that the
negative consequences for women in science are decreasing. Indeed, it was reported that
the ratio of male to female funding success rate decreased with 2.4% between 2010 and
2013 in European countries (European Commission, 2016). However, this positive trend
was not reported in all studies. For instance, Head et al. (2013) investigated grants awarded
specifically in infectious disease research in the United Kingdom over the years 1997 to
2010. The results showed that, compared to male applicants, women had lower success
rates overall, and that these success rates for women had not consistently improved over
the years. If an overall improvement is seen in success rates for scientists at the post-PhD
level, it is important to verify that this trend replicates in a student sample. Since receiving
a grant often makes it easier to acquire a second grant (Reinhart, 2009), success rates at the
earliest possible career stage should be safeguarded. In the current study, we aim to further
investigate the trend in female success rates over the years 1995 to 2018 focusing specifi-
cally on a student sample.

A gender imbalance in earning power might arise through direct discrimination, but
it may also be related to men having better circumstances under which they can perform
their scientific studies which makes them better prepared to submit proposals of a generally
higher quality (Viner et al., 2004). This hypothesis, however, receives little support, i.e.
several studies report that the differences in success rates found were explicitly attributable
to women being assessed less favourably and not due to the lower quality of their proposals
(Van der Lee & Ellemers, 2015; Witteman et al., 2019). The current study aims to extend
this research by investigating the putative difference in assessed quality of grant applica-
tions between male and female applicants in a student sample.

In conclusion, different studies have shown that overall, female researchers are disad-
vantaged in terms of research funding. Part of this difference may be due to women apply-
ing less. We further expect that women have a lower success rate than men when they do
apply.

In this study, we specifically aim to investigate putative gender biases in grant alloca-
tion within the student population. We therefore investigate gender equality in the student
grant application process at the Leiden University International Study Fund (LISF), a
high-regarded competitive fund dedicated to support students to study or conduct research
abroad. This grant distinguishes itself from other well-known international grants for stu-
dents in Europe (e.g. Erasmus+ for European exchange students) by its strict selection
policy based on not only satisfying the eligibility requirements (such as is the case for the
Erasmus + grant) but also a thorough application process including a student’s resume,
grade list, motivation letter, explanation of the project, arguments of the project’s value for
their studies and career and finally, a face-to-face interview. Because female students are
probably not yet disadvantaged in such a way that the quality of their applications or the
strength of their resumes is consistently lower than that of their male counterparts, investi-
gating a gender bias in this sample provides a valuable asset to the existing literature.
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Method
Study sample

The study sample consists of Leiden University students who applied for a LISF student
grant to finance their stay abroad during the period 1995 up until and including 2018. All
applicants recorded in any of the official documents that could be found in the LISF on- or
offline archives were included. After removal of applications that were archived double or
withdrawn before the assessment process started (N=382), this data set includes N=2809
applications in total (31.8% were male, 62.8% female, and 5.4% of unknown gender). The
applicants of whom gender was unknown (N=152) were excluded from the statistical
analyses, as were those of whom it is unknown whether they were awarded a grant or not
(N=6), making the final sample consist of N=2651 applications. See Table 1 for a demo-
graphic overview of applicants over the years. Due to scarce and unreliable information
on the category of the applications (i.e. what the student will use the grant for: a research
project or taking courses), we were not able to further divide the data set into subsamples
based on these categories.

For a follow-up control experiment on the assessed quality of applications, we investi-
gated the applications of a new cohort of students. This second sample included all LISF
applicants of the December 2019 round, which totalled N=32.

Statistical analysis
Application rates

First, in order to investigate whether men apply more than women, we computed the pro-
portions of applications by women in each year. And, for each year, the proportion of
female students at Leiden University, using data on the total numbers of students as pro-
vided by the Leiden University Administration and Central Services. Next, we computed
difference scores by subtracting the proportion of female applications from the proportion
of female students, per year. This created variable is tested against a test value of 0 using a
one-sample 7 test.

Table 1 Overview of applicants and success rates separated by gender and period

Period Male Female Unknown Total
App Success App Success
1995-1998 30 22 (73.3%) 50 32 (64.0%) 112 192
1999-2002 158 112 (70.9%) 280 198 (70.7%) 29 467
2003-2006 157 94 (59.9%) 310 183 (59.0%) 6 473
2007-2010 210 119 (56.7%) 469 247 (52.7%) 2 681
20112014 161 107 (66.5%) 296 180 (60.8%) 2 459
2015-2018 176 148 (84.1%) 360 276 (76.7%) 1 537
Total 892 602 (67.5%) 1765 1116 (63.2%) 152 2809

The data here is presented in time periods of four years for the purpose of a concise table
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Success rates

Second, to investigate whether success rates of female applicants differ from those of male
applicants, we ran a generalised linear mixed model (GLMM) with a binomial distribution
(logit link) using Imer4 (Bates et al., 2015) in R (R Core Team, 2017), with the decision
(i.e. grant awarded yes or no, coded as 1 and O respectively) as dependent variable. We
entered gender (men versus women) as a fixed factor, and year as a random factor to con-
trol for differences in LISF’s yearly budget and other random differences caused by time
passing. If gender was found to significantly influence the likelihood of receiving a grant,
we furthermore investigate whether this gender bias changed over the years by further
including year sequentially as a fixed factor in the model, as well as the interaction between
sequential years and gender.

All models were compared to their respective null-models containing random effects
only. We report only those instances in which the null-model did not deviate significantly
from the test model.

Quality of applications

One possibility is that men have a higher likelihood of obtaining a grant simply because
they submit applications of better quality compared to women, meaning a potential differ-
ence found in favour of men is fair. To rule out this explanation, we removed all gender-
related information (i.e. names, pronouns, and pictures) from applications in the December
2019 round prior the LISF committee grading them. The grading of the applications by the
committee then proceeded as usual: each committee member graded a subset of applica-
tions on a scale from 5 to 7, resulting in three grades per application. To test whether there
was a difference in the grades of male applications in comparison to female applications,
we ran a Mann Whitney U test with gender as independent variable and the given grades as
dependent variable.

Results
Application rates

To investigate whether women applied for the grant equally often as men, a one-sample ¢
test was conducted comparing the yearly difference scores (the proportions of female stu-
dents subtracted by the proportions of female applicants) to a test value of 0. The results
show that this difference (M;;=0.04) does not significantly differ from 0, #(23)=1.28,
p=0.212, thus demonstrating the proportion of men and women applying for a grant, con-
trolled for number of students, is the same.

Success rates

Secondly, we investigated whether the success rate of receiving a LISF grant differed
between male and female applicants, by performing a binomial GLMM with gender as
a fixed factor and the decision as dependent variable, with year added as a random fac-
tor (sd=0.501). As expected, the likelihood of receiving a grant was somewhat higher for
male applicants than for female applicants (b —0.176, z= —1.96, p=0.049).

gender —
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In order to specifically test whether this difference in success rate between men and
women has declined since 1995, we added the year of application sequentially as a sec-
ond fixed factor to the same model as well as the interaction between sequential year and
gender. We found a positive, albeit non-significant, trend for time (byear= -0.037, z=1.75,
p=0.080) suggesting that the likelihood of receiving a grant becomes larger over the years.
We also found a non-significant trend for the interaction effect between gender and time
(bgendertyear=—0.029, z=—1.800, p=0.072), which shows that in contrast to what we pre-
dicted, the difference in success rates between men and women seems to become some-
what larger over time (Fig. 1).

Quality of applications

To be able to rule out that men simply submit applications of better quality, hence having a
higher likelihood of receiving a grant, we compared the grades assigned to the anonymous
applications by the grant committee from the December 2019 round using a Mann Whitney
U test. We found no significant difference in the assessed quality of submitted applications
between men and women, U=95.0, z=-0.87, p=0.387. Thus, a hypothetical difference in
the quality of applications is unlikely to explain the observed gender difference in success
rates.

Discussion

An important contributor to advancing in academia is the amount of grant money
acquired. It is often found that women apply less (Grant et al., 1997; Marsh et al., 2008;
Pohlhaus et al., 2011; Van der Lee & Ellemers, 2015; Viner et al., 2004) and succeed
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less often (Bornmann et al., 2007; Bornmann et al., 2008; European Commission, 2019;
Steinthoérsdottir et al., 2020; Van der Lee & Ellemers, 2015). This could thus be one of
the key causes for women having less successful scientific careers. In what seems to
be a vicious circle, it is difficult to disentangle cause from consequence. To gain more
insight into this matter, we investigated a university student sample for which factors
such as publications, previous grants, maternity leave, and h-indexes that contribute
to enlarging the gap between men and women in science do not yet play a substantial
role. Consequently, we asked whether the above-mentioned differences in career success
between men and women rely on a sequence of events, or on a more fundamental, insti-
tutionalised gender bias in academia, i.e. are female students already disadvantaged in
receiving what is in all probability their first grant in their scientific career?

In short, we demonstrated that female students apply equally often for a grant to
study or conduct research abroad as their male counterparts. Yet, they are less success-
ful in actually receiving this funding, and this bias does not seem to have improved over
recent years. Instead, it seems to get larger. This difference could not be explained by
a difference in the quality of applications by male and female students, as applications
were assessed to be equal when all gender information was removed. In the following
sections, we discuss these results in the context of the existing body of literature and
aim to identify potential underlying causes. We conclude with a section on the limi-
tations and recommendations for further research and measures to take in the field of
gender equality.

Application rates

In our student sample, we found that when application rates to the LISF were corrected for
the total student population rates (i.e. potential applicants), female students apply equally
often as male students. This is in direct contrast to the results of Grant et al. (1997), who
showed a loss of roughly 20% from potential applicants to actual applicants. Potential rea-
sons for this contrasting finding might be that our data is more recent. Possibly, over time,
women might have become more ambitious and/or confident in their abilities to be sci-
entists. Gender is on the agenda of many organisations, universities included. Nowadays,
female scientists are also frequently seen in the media, serving as role models for female
students. Additionally, our data is on a pre-PhD population whereas previous studies have
focused on post-PhD researchers. This fits previous results that showed application rates
to be more equal between the genders when early-career researchers were compared, than
when advanced researchers were compared (Pohlhaus et al., 2011). Whereas successful
women are often disapproved of and generally seen as unlikeable in contrast to success-
ful men (Acker, 2009; Heilman, 2001; Heilman et al., 2004), the young generation has not
had these stereotypical experiences yet: their hopes and ambitions are not yet diminished
(Pololi & Jones, 2010; Steele & Aronson, 1995). Additionally, at student-age, many struc-
tural expectations and burdens that exist in society more so for women than for men, could
not have had much of an influence yet. For example, women are oftentimes (expected to
be) primary caretakers of their families. Hence, they have to put more effort into balancing
family life whilst keeping up with their organisations’ expectations. A risk of organisa-
tions’ family friendly programs is that it may reinforce the idea that women with a family
are not fully unencumbered (Acker, 2009). Women thus experience these extra burdens, in
contrast to men, which does not leave room for applying for grants.
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Success rates

The results of the current study do show, however, that female applicants have a signif-
icantly smaller likelihood of receiving a grant than men, a difference of approximately
4%. This is similar to some previously reported success rates of women (i.e. 7%: Born-
mann et al., 2007; 3%: European Commission, 2019). Since our data is on a student
population, previously reported potential causes for lower success rates for women,
such as lower reputation indices (Eagly & Miller, 2016; Geraci et al., 2015; Hirsch,
2005), lower publication rates (European Commission, 2016), and lower citation rates
(Dion et al., 2018; Maliniak et al., 2013), do not seem to fully explain the gender gap.
Traditional gender roles which may deem women unfit for leadership roles, including
principal investigators in lead of a research team (Acker, 2009; Eagly & Karau, 2002;
Heilman, 2001), may be of influence too. Women may conform to this stereotype, but
grant committees may also enforce them. Due to increased attention to gender differ-
ences and stereotypes, and several campaigns that have recently been launched, the
gender gap is thought to have become smaller with time, as reinforced by, for example,
reported numbers by the European Commission (2016). However, this does not hold up
in our data: over time, the overall likelihood of receiving a LISF grant has increased,
but mostly for men and less so for women. Apparently, young women at the earliest
stages in their scientific careers are already disadvantaged in terms of awarded grants,
and this seems to have gotten only worse over recent years. This, then, further disad-
vantages them in proceeding their career: recently graduated students whose resumes
state they have received funding during their studies are advantaged in comparison
to students who have not received such funding. It was indeed found that those who
have previously received funding publish significantly more successfully than those
who were rejected, and are cited twice as many times per publication in the five years
following funding (Reinhart, 2009).

Quality of applications

In order to be able to place the above-described results in a broader perspective,
we conducted a follow-up investigation into the quality of applications by men and
women. We found that when applications were anonymous, the quality was evaluated
to be equal by the LISF grant committee. This is in line with our expectation: the stu-
dents are still early in their career and have no experiences yet with publications or
previous grant successes or failures. Therefore, resumes of male and female students
were expected to be of equal quality. We also had no reason to expect qualitative dif-
ferences in the project ideas the students submitted. The fact that we still found a dif-
ference in success rates between the genders when applications were not anonymous,
further reinforces the idea that this difference is explicitly attributable to the difference
in gender as can be identified on the application and not the quality of the application
itself (Van der Lee & Ellemers, 2015; Witteman et al., 2019). This is further shown
to be true in the academic job application procedure: despite having equal resumes
as male applicants, women are evaluated less favourable (Moss-Racusin et al., 2012).
This probably means that female applications have to be of higher quality to receive
the same results relative to male applications.
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Conclusion

The current study shows that female scientists-to-be are as ambitious as their male coun-
terparts and apply for grants equally often. However, even at this young age, women have
lower success rates than men. It is very unlikely that this is a result of differences in qual-
ity since the applications of men and women from a comparable sample of students were
judged of equal quality when reviewed blindly. This shows that factors such as publica-
tions, previous grants, maternity leave, and h-indexes do not (fully) explain the gender gap
in science. The current study underscores the importance of addressing gender bias at a
very early career stage, perhaps even earlier than the sample tested here, in order to accom-
plish improvements at a later stage.

Limitations and recommendations

Since many proposed causes for differences between the genders in received funding have
not proved to explain the gender gap fully, further research should focus on why a differ-
ence in success rates can already be found in university students.

It is possible that the direction of differences between the genders in success rates dif-
fer per field of science. For example, Bornmann et al. (2008) found lower success rates for
women overall, but this was primarily due to differences between the genders in specific
biological and medical fields. It could be that the gender bias found in the current study
is restricted to or even reversed in certain fields of science: a so-called Simpson’s Paradox
(Bickel et al., 1975; Blyth, 1972; Simpson, 1951). We might expect women to be more
disadvantaged in those fields that are traditionally more male-dominated than in disciplines
where the majority of students are female. We did not further investigate differences in the
disciplines as the current sample was too small for this, and many changes had occurred
since 1995 in officially registered majors of study (e.g. some were combined over the years,
some disappeared, etc.).

Secondly, it has been suggested that the gender composition of those deciding whether
an applicant should receive a grant or not, might influence that decision. It is found, for
instance, that small preferences of reviewers towards certain classes, regardless of whether
they are conscious preferences, might have large effects on the decision of awarding a grant
or not to those belonging to these classes (Day, 2015). Based on a study done by Massen
et al. (2017) we might assume both genders’ preferred class is men, since they observed
that men are most likely to share their science with other men, more so than any other
possible combination of genders. The hesitance of female scientists to share with others
was also found in grant approval probabilities specifically: in the Austrian Science Fund,
when at least half of the group of reviewers was female, grant approval decreased with 10%
regardless of applicant gender (Mutz et al., 2012). The LISF application process involves
three stages: grading of the application by three reviewers, an interview with the applicant
by two reviewers, and final deliberation with the full committee. Since the gender com-
position differs over all these three stages, it is difficult to deduce the potential effect of
reviewer gender on the grant decision in the current sample.

A further conceptual limitation of research on gender, such as the current study, is the
limited definition of gender as we have known it. Applicants have never been required
to indicate their gender for the LISF, and is quite possibly also not asked in other grant
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applications either. By assuming the binary gender of applicants, and assuming a bias
towards either of them exists, whether it be conscious or unconscious, we exclude the dis-
cussion on the concept of gender as a whole. While this does not take away any importance
from studying the continuous gender bias against women in comparison to men in science
and other high functions, this research is not inclusive of the existent diversity of genders.
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