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1 Abstract
Academia provides a valuable case study for evaluating the effects of social forces on work-
place productivity, using a concrete measure of output: the scholarly paper. Many academics
– especially women – have experienced unprecedented challenges to scholarly productivity
with the onset of the COVID-19 pandemic. In this paper, we analyze the gender composi-
tion of over 450,000 authorships of scholarly preprints in the preprint repositories arXiv and
bioRxiv from before and during the COVID-19 pandemic. This analysis reveals that the
underrepresentation of women scientists in the prestige last authorship position necessary
for retention and promotion is only getting more inequitable. We find differences between
the arXiv and bioRxiv repositories in how gender affects first, middle, and sole authorship
submission rates before and during the pandemic. In a second contribution, we review exist-
ing research and theory that could explain the mechanisms behind this widening gender gap
in productivity during COVID-19. Finally, we aggregate recommendations for institutional
change that could help ameliorate challenges to women’s productivity during the pandemic
and beyond.

2 Introduction
The COVID-19 pandemic caused myriad social changes throughout society, including the
academy. Reports of reduced productivity for faculty – both anecdotal and data-driven –
draw our attention to the fact that the ivory tower is not immune from shocks to our most
essential social systems. In fact, because of the clear metrics of productivity and promotion
in faculty careers, academia makes for an excellent case study of how an exogenous shock
affects institutional practices.
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Many of these changes are disproportionately impacting the productivity of women aca-
demics.1 Women academics face disproportionate work-life balance challenges during the
pandemic and are more likely to have reduced their research hours than men (Myers et al.,
2020). As we will discuss in more detail in the discussion, there are several possible reasons
for this. Because the COVID-19 pandemic has resulted in widespread school and day care
closures, many academics are or have been working from home with their children underfoot.
More likely to be in dual-academic relationships, women scientists have fewer supports at
home. At work, women faculty are likely to perform more service, exert more emotional
labor, and spend more time transitioning to online learning. Our paper contributes to the
research base on women academics’ reduced productivity during the COVID-19 pandemic by
integrating data analysis of gender gaps in preprint submissions with a theoretical discussion
to explain why these differences might be occurring.

We quantify the effects of these structural and societal changes on women’s productivity
by analyzing data on preprint submissions in STEM (Science, Technology, Engineering, and
Math). Though there has been significant progress closing the gender gap in these fields,
STEM remains one of the most gender unequal realms of the academy (Hill, Corbett, &
St. Rose, 2010). Furthermore, scientific fields have power, authority, and status in our
modern society – as do the scientists who work in them (M. F. Fox, Whittington, & Linkova,
2017). The demographics of those who produce knowledge shape not only the knowledge
that is produced (Campbell, Mehtani, Dozier, & Rinehart, 2013), but also the characteristics
of people society views as powerful and important.

To analyze the effects of the societal changes wrought by the pandemic on scientific
productivity, we examine arXiv and bioRxiv, two preprint servers that together cover many
STEM fields. Peer review takes time, so it is still too soon to see the full effect of COVID-19
on the numbers of journal articles published by women versus men academics. However,
a growing number of academics make their submitted or in-progress manuscripts available
on preprint servers (Penfold & Polka, 2020), making it possible to measure the pandemic’s
effect on preprint submissions in real time. Preliminary evidence also suggests a growing
importance for preprints during the pandemic, as there is a high demand for rapid research
to understand COVID-19 (Fraser et al., 2020).

Understanding the effects of the pandemic on productivity is important because, despite
substantial gains over the past few decades, women still remain significantly underrepresented
in faculty positions, particularly tenured positions (Snyder, Brey, & Dillow, 2019). And
more highly educated women in the U.S. are now becoming mothers than in the past; 80%
of women with doctorates or professional degrees aged 40 and over are mothers, up from
65% only twenty years ago (Livingston, 2018). Even before the pandemic, women were
already more likely to leave full-time STEM employment after the birth of a first child
(Cech & Blair-Loy, 2019). Ignoring the disproportionate effects of the COVID-19 pandemic
on women’s productivity risks backsliding on substantial progress for academic diversity
(Woolston, 2020). In addition to being an institutional goal for many organizations, gender
diversity can also increase scientific discovery and innovation (Nielsen et al., 2017).

Our introduction continues by reviewing why studying academic publishing during the
1We intentionally use “men” and “women” rather than “male” and “female” to refer to scholars’ gender (as

reflected by their names) rather than biological sex.
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pandemic provides a valuable case for analyzing shocks to social support. We then review
existing work on gender gaps in productivity before and during the pandemic. Next, we
analyze data from two preprint repositories to assess the gendered publication gap in STEM.
We continue with discussion of what structural features of academia and households might
have contributed to the observed patterns, and conclude with an extensive discussion of ideas
for how these possible explanations could inform university policy.

2.1 A Case Study in Shocks to Professional Support

Not only is this a moment in time that has the potential to affect the careers of a generation
of scholars, it is also an important natural experiment in the disruption of work-life routines.
Never before in modern history has the entire professional workforce experienced such a
dramatic shift in routine. This kind of instrumental variable allows a unique view into the
society-wide dynamics of work-life that have previously only been accessible through shocks
to individual lives (Newhouse & McClellan, 1998).

Academic careers make a particularly valuable case study because the requirements for
promotion are very clear and measurable, compared to other white collar professions. Pub-
lication is a concrete, measurable outcome with settled value in academia. Skipping even
a single year of publication significantly reduces the citation impact of a highly-productive
scientist (Ioannidis, Boyack, & Klavans, 2014). Analyzing preprint productivity provides
insight not only into the challenges for this generation of academics, but the ever-present
supports underlying the productivity of professionals.

The ongoing productivity of academics and other white-collar workers presumes a founda-
tion of smoothly running care work and support in the home. This assumed support system
allows the “ideal worker” to work long hours without concern for family obligations (Misra,
Lundquist, & Templer, 2012). In other words, “the classic profile of an academic career is
cut to the profile of the traditional man with his traditional wife” (Hochschild, 1994, 126).
Those who deviate dramatically from this ideal (by choice or necessity) are challenged with
unrealistic expectations for promotion, retention, or tenure (Misra et al., 2012). This penalty
is most powerful for women, but also affects men; traditional gender norms have negative
effects on all modern families (Wayne & Cordeiro, 2003).

Long before the COVID-19 pandemic, multiple studies assessed gender differences in
research productivity among academics, with somewhat mixed results (Long, 1992; Xie &
Shauman, 1998). Some studies have found that the gender gap in productivity has de-
creased over time and disappeared in the youngest generation of researchers (van Arens-
bergen, van der Weijden, & van den Besselaar, 2012), suggesting that academia had been
making progress towards greater gender equity in publishing. Multiple pre-pandemic studies
have also evaluated the effects of marriage, the presence and age of children, and the timing
of parenthood on productivity (Cole & Zuckerman, 1987; M. F. Fox, 2005; Kyvik & Teigen,
1996). Generally speaking, women academics spend more time on childcare and housework,
which disproportionately affects their productivity.
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2.2 Gender Differences in Productivity during the Pandemic

It has been less than a year since the SARS-CoV-2 virus spread around the world. In this
short time span, multiple analyses have assessed the differential impact of the pandemic on
men and women academics. However, most of these analyses are preliminary and draw on
limited data. Published in the ‘grey’ literature (e.g., reports, evaluations, news articles, or
blog posts) or on preprint servers, they are not yet peer-reviewed.

Several large-scale analyses have suggested that the pandemic is widening the gender
gap in academic publishing, in some cases substantially. An analysis of working papers
and randomized controlled trials in economics found decreases in submissions by women
authors in March and April 2020, accounting for seasonal and yearly changes (Shurchkov,
Deryugina, & Stearns, 2020). A working paper looking at over 40,000 preprints from the
Social Science Research Network (SSRN) found that although total research productivity
increased, women’s productivity decreased relative to men’s. These effects were more pro-
nounced among higher-ranked universities, and in certain fields (Cui, Ding, & Zhu, 2020). A
study of the preprint repositories medRxiv and bioRxiv and select Springer-Nature journals
showed a drop in women’s publishing during the pandemic; these gaps are exacerbated in less
wealthy countries (Muric, Lerman, & Ferrara, 2020). Another analysis of 1.2 million authors
from 307,459 preprints and registered reports found the largest reductions in submissions
by women in the NBER, SocArXiv, EarthArXiv, and medRxiv repositories. In contrast,
preprint submissions by women first authors in arXiv and bioRxiv in March and April 2020
remained steady compared to both February 2020 and March-April 2019 (Vincent-Lamarre,
Sugimoto, & Larivière, 2020). Analysis of 60,000 journals showed a dramatic collapse in
women first-authorship in May, 2020, by seven percentage points relative to 2019 (Matthews,
2020). Additionally, studies have found significant gender gaps in authorship on COVID-19
related research (Amano-Patiño, Faraglia, Giannitsarou, & Hasna, 2020; Andersen, Nielsen,
Simone, Lewiss, & Jagsi, 2020; Gabster, van Daalen, Dhatt, & Barry, 2020; Pinho-Gomes et
al., 2020). Only one analysis of submissions to a single journal found minimal or no gender
differences in productivity during the early days of the pandemic (Dolan & Lawless, 2020).

Again, however, most of these studies have not yet been peer-reviewed. Furthermore,
the effects shown in these analyses are likely conservative because many preprints describe
research completed months ago, long before the COVID-19 pandemic. Nonetheless, they
provide us insight into the gap in productivity that is to come. Preprints are warning signals
as the challenges of working from home build up and differentially impact men and women.

Here, we add to these studies by extending analyses of the pandemic-affected period
through the end of June, 2020. This should provide time for preprint outputs to reflect the
effect of lockdown orders, which began in March in many parts of the world. These data also
provide an early glimpse into the summer season productivity gap of academics affected by
ongoing institutional changes, discussed below. Finally, we discuss possible mechanisms for a
gendered impact of COVID-19 on academics, and provide recommendations for universities
and other institutions looking to address the pandemic’s unequal impacts going forward.
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3 Methods

3.1 Compiling the Dataset

We quantified how the COVID-19 pandemic is affecting the gender breakdown of preprint
submissions to arXiv and bioRxiv. bioRxiv is a preprint server for biology maintained
by Cold Spring Harbor Laboratory. Run by Cornell University, arXiv is a preprint server
mainly for physics, math, computer science, and statistics, but also accepts preprints in
electrical engineering and systems science, quantitative finance, economics, and quantitative
biology. We scraped data using the contributed R packages aRxiv (Karthik & Broman, 2019)
and rbiorxiv (Fraser, 2020), which provide interfaces for the arXiv and bioRxiv application
programming interfaces (APIs), respectively, in the R programming language.

We began by downloading all submission records for March 15-April 15, 2020 (inclusive),
during the COVID-19 pandemic. We chose this date range to roughly correspond to the
period when the largest number of schools closed world-wide in attempts to slow the spread
of COVID-19. On March 15, 2020, an estimated 485 million children were out of school
because of the pandemic (28% of the world’s school children), and this number quickly grew
to 1,577 million children (90% of the world’s school children) by April 15, 2020 (UNESCO
Institute for Statistics, 2020), before declining somewhat in late April as certain countries
or states re-opened schools. For comparison, we also scraped submission data for the same
dates the previous year, i.e., March 15-April 15, 2019 (inclusive), before the pandemic.

Next, we expanded the date range to scrape all the preprint submission data for Jan 1,
2020 to June 30, 2020 (inclusive), to monitor changes in the gender breakdown of preprint
authorships immediately before widespread school and childcare closures, and during the
pandemic, which was declared by the World Health Organization on March 11, 2020 and
continues at the time of writing. As of June 30, 2020, 1,067 million children remain out of
school (61% of the world’s school children) (UNESCO Institute for Statistics, 2020).

We completed two complementary analyses. The year-over-year analysis – comparing
March-April 2020 to March-April 2019 – evaluates the effect of the pandemic, holding con-
stant time of year. This is important because paper submission rates can vary throughout
the year, depending on holidays and the demands of the academic calendar. However,
we also conducted a second analysis, in case March-April 2019 happened to be aberrant
(i.e., in case there happened to be unusual productivity by men or women academics in
March-April 2019). The analysis of January-June, 2020, serves to evaluate the effect of the
pandemic, holding constant longer-term trends in preprint submissions that may complicate
year-over-year analyses. The pandemic’s effects have occurred against a backdrop of women’s
increasing participation in STEM. Thus, the short-term January-June 2020 analysis is espe-
cially important, because there may be few trends year-over-year, if women’s productivity
increased relative to men’s before the pandemic, but declined during the pandemic (i.e.,
these forces may tend to cancel out).

We used each author’s first name to predict their gender (see below), but the bioRxiv API
returned first names only for corresponding authors. One of us (MEF) previously published
an analysis that included only corresponding authors from bioRxiv (Frederickson, 2020). To
obtain first names for all authors of bioRxiv preprints, we first compiled submission data from
the bioRxiv API, then used the rcrossref package in R (Chamberlain, Zhu, Jahn, Boettiger,
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& Ram, 2020) to look up each Digital Object Identifier (DOI) and download the citation
in BibTeX format, which included first and last names for all authors. This work-around
allowed us to collect first names for all authors who provided them when they submitted
preprints to bioRxiv.

For all analyses, we define the unit of interest as a unique author-paper, which we refer
to as an authorship. Following other bibliometric analyses (e.g., King, Bergstrom, Correll,
Jacquet, & West, 2017), we include authors who submitted multiple preprints, not only
unique authors. Thus, an authorship is an author on a single paper.

3.2 Predicting Author Gender

After extracting the first names of authors, we assigned gender to author names using the R
gender package (Mullen, 2019). This package returns the probability that a name is that of
a man or a woman by comparing the name to names in a database; we used the U.S. Social
Security Administration baby names database. The R gender package matches names based
on a complete sample of Social Security card applications. As a result, prediction is less
robust for scientists born outside the United States.

We did not attempt to predict the gender of names not matched to the U.S. Social Security
Administration baby names database, because such efforts to increase coverage could come
with a loss of accuracy. A study comparing approaches using name matching on the basis
of Social Security records with others found that including datasets from other countries,
manual coding of names, or a unisex category might produce more biased results (Wais,
2016). Among the approaches studied, there was a trade-off between predicting gender for
as many individuals as possible and maximizing prediction accuracy.

Nonetheless, matching names to a names database is a brute-force method of predicting
gender, and it has limitations (see Mullen, 2019). By using this method, we are not assuming
that individuals are correctly gendered in the resulting dataset, but merely that it provides
insight into gender’s effects in aggregate across the population of preprint authors. This
approach clearly misgenders or excludes some individual authors, but it is necessarily used
to measure gender bias in large datasets. Both the specific package we used and other similar
gender algorithms (e.g., genderize.io) have been used in other studies (e.g., Amano-Patiño
et al., 2020; Vincent-Lamarre, R. Sugimoto, & Larivière, 2020; West, Jacquet, King, Correll,
& Bergstrom, 2013).

3.3 Summary Statistics and Modeling Approach

There were 149124 preprints in the dataset we assembled: 114632 arXiv preprints and 34492
bioRxiv preprints. These preprints had a total of 808227 non-unique authorships; 549512
arXiv authorships and 258715 bioRxiv authorships. Some individuals authored more than
one preprint in the dataset.

We inferred the gender of 266133, or 48.4%, of arXiv authors and 195204, or 75.5%, of
bioRxiv authors, with the rest omitted from subsequent analyses. This lower success rate
for predicting author gender for arXiv than bioRxiv preprints reflects the fact that arXiv
preprints are more likely to list large consortia as authors (e.g., CMS Collaboration), have
authors who provide only first initials, or have authors who have names not in the U.S.
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Social Security names database. Nonetheless, similar fractions of authorships with unknown
gender are typical for large datasets (Wais, 2016).

Using the data from January 1 - June 30, 2020, we modelled the number of preprint au-
thorships per day as a function of submission date and gender.2 We included the interaction
between submission date and gender in our linear models to determine whether the number
of men authorships is increasing significantly faster through time than the number of women
authorships (i.e, whether growth in the number of men authorships has a significantly higher
slope than growth in the number of women authorships). We also included the day of the
week as a main effect in all models to account for the fact that far fewer preprints are submit-
ted on Saturdays and Sundays. We ran a separate model for each author position (i.e., first,
middle, last, and sole) and dataset (i.e., arXiv, bioRxiv). We square-root transformed the
number of preprint authorships per day to improve the normality of residuals and checked
residual diagnostic plots for all models. We then used the car package (J. Fox & Weisberg,
2019) in R to calculate ANOVAs with type III sums of squares.

The R code for all of our analyses is available on GitHub at https://github.com/drfreder/king-
and-frederickson.

4 Results
We found that all analyses of both arXiv and bioRxiv preprints show a widening gender gap
in last (or "senior") authorships, but more mixed results for other authorship positions. For
arXiv, all authorship positions combined and most authorship positions analyzed separately
also show a growing gender gap. In contrast, for bioRxiv, only last authorships show a much
larger gender gap during than before the pandemic; analyses of other authorship positions
and all authorships combined show few differences between genders. In fact, year-over-year,
women actually gained on men as first authors of bioRxiv preprints.

4.1 Year-over-year comparison of arXiv preprint submissions

We began by comparing arXiv preprint authorships between March 15-April 15, 2020, dur-
ing the COVID-19 pandemic, to the same dates in 2019. We found that the number of
arXiv preprint authorships increased between 2019 and 2020 for all authorship positions and
genders (Figure 1). Increases in preprint submissions between 2019 and 2020 are perhaps
not surprising, as scientific output and the popularity of preprint servers have both been in-
creasing in recent years (Penfold & Polka, 2020), and the time-sensitive nature of COVID-19
research may also have encouraged greater use of preprint servers among scientists (Fraser et
al., 2020). On the other hand, we might have expected decreased productivity overall during
the pandemic because of illness and bereavement, and also laboratory closures impacting
experimental scientists. Nonetheless, there were 14978 submissions to arXiv between March
15 and April 15, 2020, compared to 13733 submissions in the same date range in 2019, an
increase of 9.1%.

2Note that although many more preprints are submitted to arXiv than bioRxiv every day, since we treated
the number of preprint authorships per day as the unit of analysis in our statistical models, all models had
the same degrees of freedom and thus similar statistical power to detect gender differences.
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Figure 1: Women versus men authorships of arXiv preprints from March 15-April 15, 2020
and March 15-April 15, 2019. First, middle, and last authorships are for multi-authored
preprints only. Percentages above bars show percent change year-over-year for each author
position and gender.
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While arXiv preprint submissions were up overall, men authorships grew more year-
over-year than women authorships, both for all authorship positions combined and for all
authorship positions analyzed separately, except first authorships (Figure 1). For all author-
ship positions combined, men added 1648 authorships and women added 189 authorships in
March/April 2020 compared to March/April 2019, corresponding to increases of 6.4% and
2.7% for men and women, respectively. Put differently, in March/April 2019, 78.7% of arXiv
authorships were men, but 89.7% of the additional authorships in 2020 were men. Next, we
separately analyzed the data for preprints with a single author, and for first, middle, and
last authorships of multi-authored preprints. There were 112 more preprints sole-authored
by a man but just 7 more preprints sole-authored by a woman in March/April 2020 than
in March/April 2019, representing increases of 9.6% and 3.7%, respectively (Figure 1). In
contrast, there were 514 more men first authorships and 145 more women first authorships
in March/April 2020 than in March/April 2019, or a 9.2% and a 9.8% increase, respectively.
In other words, in absolute terms, there was a greater increase in men than women first
authorships of multi-authored arXiv preprints between March/April 2019 and March/April
2020, but women made slightly greater gains than men in the first author position when
measured as a percent change, year-over-year. However, women lagged behind men in gains
as middle and last authors of multi-authored papers. Specifically, there were 627 more men
last authorships but only 8 more women last authorships between March/April 2019 and
March/April 2020. This represents a 10.6% increase in men last authorships, while women
last authorships are essentially unchanged over the same period, having grown just 0.6%.
Finally, the number of women middle authorships rose by 29 from March-April 2019 to
March-April 2020, a change of just 0.7%, while the number of men middle authorships rose
by 395, or 3%. In summary, except for first authorships, men made greater gains than women
as arXiv preprints authors during the pandemic, compared to the same dates the previous
year. Furthermore, the gender gap is growing fastest among last authors.

4.2 arXiv preprint submissions immediately before and during the
COVID-19 pandemic

Next, we looked back over the months leading up to widespread stay-at-home orders and
school and childcare closures in late March or early April, 2020. These measures were
implemented to different degrees and on different dates in different parts of the world, but
we assumed their effects would be most pronounced (globally) starting in March, 2020. We
also expanded our analysis forward in time through June 30, 2020. Thus, we analyzed data
for the first six months of 2020. For the arXiv dataset, the pattern of women making smaller
authorship gains during the pandemic than men holds across all authorship positions, but
with varying effect sizes (Figure 2, Table 1).

Again, during the pandemic, the number of men authorships has grown faster than the
number of women authorships, visible in Figure 2 as the divergence of the two lines. We
tested for differences in the slopes of these lines in linear models, by predicting the number
of preprint authorships per day as a function of gender, date, day of the week, and a gender
x date interaction effect. Gender always had a significant main effect, which simply means
that there were always significantly more men authorships than women authorships at the
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Figure 2: Women (purple triangles) versus men (green circles) authorships of arXiv preprints
in the first half of 2020. Each dot is the sum of authorships for one week. First, middle, and
last authorships are for multi-authored preprints only. The dashed vertical line is March 11,
2020, the day the World Health Organization declared COVID-19 a pandemic. Solid lines
are simple linear regressions for visualization purposes; see Table 1 for results of statistical
models.
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model intercept (i.e., on January 1, 2020) (Table 1). Day of the week also always had a
significant effect on the number of preprint authorships, with significantly fewer submissions
on weekends, and generally more on Mondays and Tuesdays than later in the workweek
(Table 1). Because women were the reference group in our linear models, the main effect of
date tests whether women authorships increased through time, from January 1 to June 30,
2020. For everything except sole authorships, the number of women authorships increased
significantly over this period (Table 1). For sole authorships, there was no significant main
effect of date, meaning that the number of arXiv preprints sole-authored by women stayed
flat between January 1 and June 30, 2020 (Table 1 and see also Figure 2). The gender
x date interaction term in the linear models tests whether men and women authorships
increased at the same rate through time; again because women are the reference group in
our models, positive interaction coefficients mean that men have outpaced women in the
growth of authorships, while negative interaction coefficients would mean that women have
outpaced men. For all five authorship categories (all authorships combined, sole authorships,
and first, last, and middle authorships on multi-authored preprints), there was a significantly
positive gender x date interaction term (Table 1). In other words, the rate of increase in
men authorships was always steeper than the rate of increase in women authorships. For all
arXiv author positions, the number of men authorships has grown faster than the number
of women authorships during the pandemic.

Table 1: Table of coefficients estimated by linear models for arXiv preprint authorships per
day.

all sole first last middle
intercept 7.322*** 1.678*** 3.973*** 3.371*** 5.080***
gender 12.491*** 3.434*** 6.763*** 6.585*** 8.242***
date 0.016*** 0.001 0.008*** 0.007*** 0.012***

monday 9.201*** 1.377*** 4.446*** 4.138*** 6.969***
tuesday 9.221*** 1.113*** 4.317*** 4.097*** 7.110***

wednesday 8.101*** 1.071*** 3.897*** 3.677*** 6.128***
thursday 8.399*** 1.134*** 3.970*** 3.794*** 6.415***
friday 6.915*** 0.622*** 3.221 *** 3.075*** 5.357***

saturday -0.777 -0.471*** -0.549* -0.355 -0.441
gender x date 0.018*** 0.003** 0.008*** 0.009*** 0.013***

Coefficients are not back-transformed from the square-root scale. References groups are
women and Sunday. A positive gender x date coefficient means men authorships are
growing faster than women authorships. *** p < 0.001, ** p < 0.01, * p < 0.05

4.3 Year-over-year comparison of bioRxiv preprint submissions

We sought to compare fields by conducting an identical analysis for preprints in the biological
and life sciences by analyzing submission data from the preprint repository bioRxiv. In
general, we found that the pandemic has not exacerbated gender differences among bioRxiv
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Figure 3: Women versus men authorships of bioRxiv preprints from March 15-April 15, 2020
and March 15-April 15, 2019. First, middle, and last authorships are for multi-authored
preprints only. Percentages above bars show percent change year-over-year for each author
position and gender.
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preprint authors as much as among arXiv preprint authors, although there has still been a
growing gender gap in the last author position.

As a preprint repository, bioRxiv receives fewer submissions than arXiv, but the number
of bioRxiv submissions grew from 3381 preprints between March 15 and April 15, 2019 to
4437 preprints over the same dates in 2020, an increase of 31%. Across all author positions,
women authorships have actually increased a little more than men authorships year-over-
year, as a percent change. In absolute terms, there were 2669 more women authorships
compared to 4168 more men authorships in March/April 2020 than in March/April 2020,
representing increases of 39% and 36.9%, respectively (Figure 3). This is consistent with a
long-standing trend in which women had been narrowing the gender gap in the biological
and life sciences before the pandemic, although we note that our analysis does not allow us
to determine whether women would have made even larger gains in preprint authorships if
not for COVID-19.

Next we again broke this down by author position, and discovered that this pattern
was driven by a large increase in the number of women first authorships on multi-authored
preprints. Both as a percent change and an absolute change year-over-year, there was a larger
increase in the number of women first authorships than the number of men first authorships.
There were an additional 354 women first authorships (37.1%) and 291 men first authorships
(19.4%) in March/April 2020, compared to the same dates in 2019.

In contrast, sole, middle, and last authorships all increased faster for men than women,
although there is only a large gender difference for the last author position. Women sub-
mitted 6 additional sole-authored preprints to bioRxiv (up 35.3%) in March/April 2020,
compared to March/April 2019, while men submitted 23 more sole-authored preprints (up
37.1%); however, the absolute numbers are small, limiting the conclusions we can draw from
these data. There was also just slightly more growth among men than women middle author-
ships, with an additional 2183 women middle authorships and 3334 men middle authorships
between March/April 2019 and 2020, representing percent gains of 41.9% and 42.3%, respec-
tively. But while women essentially kept pace with men as middle authors, they lagged far
behind men as last authors; there were 520 more men last authorships but only 126 more
women last authorships between March/April 2019 and 2020, increases of 28.2% and 18.6%,
respectively (Figure 3).

Thus, compared to arXiv, the pattern among author positions in year-over-year change
is more mixed: sole, middle, and last men authorships increased at a faster rate than women
authorships, but with a pronounced difference only for last authorships, while women in first
author positions continued to increase their rate of productivity, potentially reflecting pre-
pandemic trends towards greater gender equity. These findings, however, are complicated
by our analyses of the first six months of 2020 in the next section.

4.4 bioRxiv preprint submissions immediately before and during
the COVID-19 pandemic

As with arXiv submissions, we also compared bioRxiv submissions across the first six months
of 2020 to investigate the effect of the onset of the pandemic on submissions by authorships
in each position (Figure 4). The number of submissions is rising across the six months
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Figure 4: Women (purple triangles) versus men (green circles) authorships of bioRxiv
preprints in the first half of 2020. Each dot is the sum of authorships for one week. First,
middle, and last authorships are for multi-authored preprints only. The dashed vertical line
is March 11, 2020, the day the World Health Organization declared COVID-19 a pandemic.
Solid lines are simple linear regressions for visualization purposes; see Table 2 for results of
statistical models.
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for both genders, significantly so for all author positions except sole authorships (Table
2). However, there are no significant gender x date interaction effects for all authorship
positions in aggregate, sole authorships, first authorships, or middle authorships (Table 2).
This implies that the changes in the publication rates for men and women are statistically
indistinguishable at all author positions, except last authorships. Furthermore, although the
number of women first authorships on bioRxiv preprints grew more year-over-year than the
number of men first authorships (Figure 3), the data and linear model results for the first six
months of 2020 suggest women have kept pace with (but not outpaced) men as first authors
during this period (Table 2 and Figure 4). This implies the year-over-year differences may
reflect relative growth in women first authorships that happened late in 2019. The relative
rates of men and women first authorships have held steady during the pandemic.

Nonetheless, for bioRxiv preprints as for arXiv preprints, the number of men last au-
thorships has grown significantly faster than the number of women last authorships during
the first six months of 2020. There is a significant gender x date interaction term (Table 2),
with men increasing in productivity faster than women for last author positions in bioRxiv
from January to June, 2020. This interaction effect is visible in Figure 4 as the divergence
of the two lines in the last authorships panel.

Table 2: Table of coefficients estimated by linear models for bioRxiv preprints per day.

all sole first last middle
intercept 9.678*** 0.472** 3.687*** 2.691*** 8.510***
gender 4.072*** 0.806*** 1.125*** 2.833*** 3.087***
date 0.033*** 0.001 0.011*** 0.008*** 0.030***

monday 3.599*** 0.104 1.362*** 1.306*** 3.071***
tuesday 6.111*** 0.295 2.316*** 2.271*** 5.175***

wednesday 6.077*** 0.256 2.215*** 2.151*** 5.229***
thursday 7.660*** 0.276 2.857*** 2.784*** 6.549***
friday 6.753*** 0.068 2.490*** 2.489*** 5.782***

saturday 2.440** 0.053 0.865** 0.854** 2.125**
gender x date 0.007 0.001 0.001 0.006* 0.005

Coefficients are not back-transformed from the square-root scale. References groups are
women and Sunday. A positive gender x date coefficient means men authorships are
growing faster than women authorships. *** p < 0.001, ** p < 0.01, * p < 0.05

4.5 Comparison: arXiv and bioRxiv

We found identical patterns in arXiv and bioRxiv for the increasing gender gap in the
last author position: women’s relative rate of productivity in last authorships has declined
significantly. In the arXiv repository, there was a significant reduction in women authorships
in the first, middle, last and sole author positions; we found no such effect in the bioRxiv
repository. We cannot determine the reason for this difference between the repositories,
though it is not a problem of statistical power.
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Although the overall conclusions have different emphases, our results align with other
similar analyses of preprint repositories (Cui et al., 2020; Matthews, 2020; Muric et al., 2020;
Shurchkov et al., 2020), as discussed in the introduction. Our results differ from published
studies in two notable ways. Vincent-Lamarre, Sugimoto, and Larivière (2020) found that
the proportion of first authorships by women in bioRxiv and arXiv remained steady. A survey
of pandemic time use found that those in the laboratory-based ‘bench’ sciences experienced
the most dramatic declines in time spent on research (Myers et al., 2020). Given this, we
might have expected the reverse of our findings, since bioRxiv may have more submissions
from those in the bench sciences than does the arXiv repository. Instead, differences in how
the pandemic is affecting men’s and women’s preprint submissions to arXiv versus bioRxiv
may reflect the different legacies of historical gender bias in the physical and life sciences, or
different field-specific conventions or cultures regarding co-authorships and author order.

Overall, we find significant reductions in the rate of increase in preprint submissions
to arXiv for all authorship positions by women and to bioRxiv for last authorships by
women during the COVID-19 pandemic. There is a growing gender gap during the pandemic
for all authorship positions in arXiv. Though the year-over-year analyses produce mixed
conclusions for bioRxiv, we have unambiguous evidence to support the hypothesis that the
rate of submission of bioRxiv preprints by women in last authorships has been negatively
affected by the pandemic.

5 Possible Explanations
While our analysis does not allow us to distinguish among several possible mechanisms for
the observed patterns in the data, our results are consistent with an extensive literature
on gender-based productivity differences. While we could not test these potential explana-
tions, previous research on the mechanisms underlying gender gaps in productivity can help
illuminate the trends we have observed in the preprint servers during the pandemic. This
includes the facts that women academics are disproportionately responsible for child care
and household work, more likely to be in a dual-career relationship with another academic,
and have more service and teaching responsibilities. Of course, there could be other possible
mechanisms that explain the productivity gap.3 The true cause is likely some combination of
these. In this second major contribution, we discuss each of these five potential explanations

3For example, perhaps there has been a surge in preprints from some fields, and those fields happened
to have more men scholars in them. This is supported by the finding that although the proportion of
women economists contributing to non-pandemic related working paper submissions remains stable, women
economists were not becoming involved in the new area of COVID-19 research at the same rate as men
(Amano-Patiño et al., 2020). However, while epidemiology has seen a huge surge of preprint submissions,
it is a field with relatively equal gender ratios of practitioners before the pandemic (Schisterman, Swanson,
Lu, & Mumford, 2017). Alternatively, women might be a part of collaborations that are harder to carry out
during COVID-19 restrictions. This potential alternative explanation is unlikely since women scientists are
less likely to collaborate than men (Kyvik & Teigen, 1996), though this does vary somewhat by field and
cohort (McDowell & Smith, 1992; Ozel, Kretschmer, & Kretschmer, 2014; Rhoten & Pfirman, 2007). In a
similar vein, if women are disproportionately represented in laboratory-based sciences relative to theoretical
work (within a given field), they would find it harder to continue doing research during the pandemic (Myers
et al., 2020). Or perhaps there are regional differences in the effect of COVID-19 on productivity that
correlate with gender differences in scientific field composition.
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in more depth. We then turn to implications for university policy.

5.1 Childcare in the Pandemic

Many countries and states closed schools and childcare centers to slow the spread of COVID-
19, such that 90% of the world’s school-aged children were out of school on April 15, 2020,
and many have still not returned to school at the time of writing. As a result, many parents
have been responsible for caring for, and often homeschooling, their children during the
pandemic, often while simultaneously expected to work from home. A gender gap in time
spent on childcare is thus one possible explanation for the growing gap in productivity during
the pandemic. Furthermore, the extraordinary childcare burden brought on by the COVID-
19 pandemic, disproportionately shouldered by women, is consistent with our finding that
gender gaps are growing fastest among last authors; in the sciences, last authors are generally
principal investigators who head up labs, while first authors are often graduate students or
postdoctoral researchers. Because academic women typically have children fairly late into
their child-bearing years (Mason & Goulden, 2004), women principal investigators are more
likely to have young children at home than women graduate students or postdocs.

It has been suggested that because of historically greater levels of gender bias in faculty
hiring, women academics may be younger on average than men academics, and therefore more
likely to have children at home during the COVID-19 pandemic (Matthews, 2020). However,
at least in the U.S., men tenure-track professors are actually more likely to have children
living in the household than same-stage women.4 In the 2017 NSF Survey of Doctorate
Recipients (Survey of Doctorate Recipients 2017 , 2019), 44% of men assistant professors
reported having children in their households, compared to 40% of women assistant professors.
This gap remains consistent at the associate professor level – with 46.1% men and 42.6% of
women – and at the full professor rank, with 36.6% of men and 30.1% of women reporting
children in the home. For instructors and lecturers, who are much more likely to be women,
however, the reverse is true: 39.6% of women and 29.5% of men have children at home.5
However, people with these positions are likely responsible for only a small number of preprint
submissions, since their jobs focus primarily on teaching (although some still make important,
but often unpaid, contributions to scientific research).

Even with these small and sometimes favorable gaps, women scientists are responsible
for the majority of childcare responsibilities in the home (Schiebinger & Gilmartin, 2010).
Women do over half of the childcare in their households, while men scientists are responsible
for about a third. This is true across rank: there is little variation among younger generations
of scholars (Schiebinger & Gilmartin, 2010). Women faculty with children spend over 15 more
hours on caregiving activities per week than their men colleagues (Mason, Stacy, Goulden,
Hoffman, & Frasch, 2005). Among early-career physician-researchers funded by the National

4This is in part because women with children are more likely to leave academia early in their careers
(Mason, Wolfinger, & Goulden, 2013).

5We generated these summary statistics using the publicly available 2017 NSF Survey of Doctorate
Recipients on the Scientists and Engineers Statistical Data System (Survey of Doctorate Recipients 2017 ,
2019). The results of this tabulation are available on the Open Science Framework repository for the project
(https://osf.io/upt7y/). This table details whether the respondent has children living in the household, split
by job position and gender.
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Institutes of Health who have children, women reported spending 8.5 more hours per week
on domestic work than men, controlling for spousal employment and work hours (Jolly et
al., 2014). A survey of academic scientists at research institutions finds that while both men
and women report that work interferes with family more than the reverse, women report
more conflict in both directions (M. F. Fox, Fonseca, & Bao, 2011). Furthermore, all these
studies were conducted before the COVID-19 pandemic, when parents could avail themselves
of ‘normal’ childcare options.

The proportion of parents who report they share domestic chores equally has increased
since before the pandemic. As a result, the fraction of families where mothers are primarily
responsible for household labor has decreased substantially. However, more than one-quarter
of mothers also report doing substantially more in both childcare and housework as a result
of the shelter-at-home orders (Carlson, Petts, & Pepin, 2020). The childcare burden is
even greater for single parents, who in Canada, for example, make up 20% of families with
children under 16. Women make up 81% these single-parent householders (Lone-parent
families , 2015).

Pre-pandemic findings on the effects of children on academic productivity have been
mixed, though the most recent studies find a negative effect of having (especially young) chil-
dren at home on women’s research productivity. Although one study found women scientists
with preschool children are more productive than either women with school-age children or
women without children, these effects disappear after controlling for other significant pre-
dictors of productivity such as advising responsibilities and interest in research (M. F. Fox,
2005). Other research finds that women researchers with young children are less productive
than both their men and child-free women colleagues after controlling for other structural
factors such as research funding and collaboration (Kyvik & Teigen, 1996). Another longitu-
dinal study found a one-time positive effective of children on productivity (a possible artifact
of planning for a child). This was followed by a negative effect on productivity growth for
both men and women academics, with a larger productivity penalty for mothers (Hunter &
Leahey, 2010). Men and women spend the same overall amount of time on their paid work
each week, but faculty mothers of young children dedicate less time to research. Compared
to men assistant professors, women assistant professors reported spending two fewer hours
on research, one additional hour on teaching, one additional hour on mentoring and service,
two and a half more hours on housework, and two more hours on care work each week (Misra
et al., 2012).

These effects have only been exacerbated during the pandemic. During the pandemic,
women faculty are spending even less time on research, relative to men, and it is unlikely that
these other mitigating factors are having a helpful effect. In a survey of U.S. and European
principal investigators during the pandemic, scientists with young children reported a 17%
larger reduction in research time compared to scientists without a young dependent, all
else equal. This is separate from a 5% larger decline in research time reported by women
scientists, all else equal (Myers et al., 2020).

Of course, gender and parenthood status are not perfectly predictive of increased care-
giving demands during the pandemic.6 Some men academics are primary caregivers for their

6Children are not the only people who may need more care than usual during COVID-19. Women
are generally responsible for the majority of caretaking work for elderly relatives (Varner & Drago, 2000).
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children, and many women academics do not have children at home. But even when men
and women academics both have young children at home, men’s careers are less likely to
be adversely affected (Mason et al., 2013). Even among parents who report splitting labor
evenly, the productivity cost is higher for women (Derrick et al., 2019). On the whole, this
body of work points to a greater productivity penalty for mothers than fathers.

5.2 Balancing Domestic and Paid Work

Another possible explanation for the growing productivity gaps we observe is increased dif-
ficulty balancing domestic and paid work, particularly for women academics. Women scien-
tists, on average, are less likely to have full-time support at home, a trend that likely has
been exacerbated by the pandemic.

In 2008, a survey found that men academics were four times more likely to have a stay-
at-home partner than were women academics (Schiebinger, Henderson, & Gilmartin, 2008).
Layoffs and furloughs due to the economic downturn associated with COVID-19 have dis-
proportionately affected women workers (Alon, Doepke, Olmstead-Rumsey, & Tertilt, 2020;
Cottom, 2020). As a result, it is likely that even more men than the 20% reported in the
2008 survey (conducted during a time men were statistically more likely to be out of work)
will currently have stay-at-home partners.

Furthermore, when a couple is considering who might quit or reduce work hours in order
to account for increased at-home childcare demands, even an ideologically egalitarian couple
will choose the lower earner to stay home (Risman, 1998).7 Non-academic women partners
may have voluntarily stayed home or reduced work hours more often than men during the
early days of the pandemic (Alon et al., 2020; Kitchener, 2020). A study using the U.S.
Current Population Survey found that during the first outbreak of COVID-19, mothers
with young children reduced their work hours four to five times more than fathers (Collins,
Landivar, Ruppanner, & Scarborough, 2020). Additionally, men are already more likely to
have partners who do not work outside the home. If anything, we expect this disparity would
have increased in recent months. As a result, in dual-earner couples, women academics are
more likely than men academics to be responsible for a majority of the household work
(Schiebinger & Gilmartin, 2010).

5.3 Dual Career Academics

The third possible explanation for the growing gender gaps we find in academic productivity
is a special case of the first two: women academics are more likely than men to be in a
relationship with another academic, giving them statistically less working time on average.

Women are more likely to be partnered with another academic. This is even more true
in the natural sciences, where 48% of women have an academic partner compared to 35% of

However, time tracking studies have found no difference in faculty time spent on elder care (Misra et al.,
2012).

7The work that gets prioritized is the work that provides the core financial stability for the household.
Since women are statistically more likely to be the lower earner, this implies that women’s productivity may
be de-prioritized. However, this consideration of spouse’s income in deciding who will quit only affects the
decision of women to leave the labor force (Cha, 2010).
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men (Schiebinger et al., 2008). In academic couples, 83% of women scientists but only 54% of
men scientists are coupled to another scientist (Schiebinger et al., 2008). In dual-academic
couples, women academics still do a far greater share of all household duties. However,
academic women in a couple with another academic man have slightly more egalitarian
sharing of household duties than academic women in other types of relationships (Schiebinger
& Gilmartin, 2010).

So, what does this mean for the transition to working from home? Assume, for the sake
of argument, that dual-career academics decide to share childcare exactly equally during the
pandemic, while other couples continue a less even division of labor. This affects the 48%
of women scientists in the life sciences – but only 35% of men scientists – with academic
partners. The remainder of men scientists (65%) do less than half of the childcare, while
the remainder of women scientists (52%) likely do more than half the childcare. So on
average, men scientists are doing far less than half the childcare while women are doing far
more. 8 Statistically, among all academics, women are going to be less productive. Add to
this that women in dual-academic couples are more likely to place equal value on their and
their partner’s careers than are men in a dual-academic couple (Schiebinger et al., 2008).
Given this imbalance, women academics may find their time less protected then that of their
partners’.

Many academic men who are committed to gender equality strive to do their part by
sharing domestic and childcare duties equally with their partners, but achieving gender
equality in domestic labour and child care across the entire population of academics would
require either (1) all households to split duties evenly, or (2) large numbers of men to do
more than half of the domestic and child care work in their households, to compensate for
the large number of households where men and women have traditional gender roles. Gender
equality in academia cannot rely on the coordinated behavior of thousands of households,
so we point to institutional solutions later on.

5.4 Service

A fourth potential mechanism that might explain the reduced rate of submission among
women authorships is an increase in service expectations during the pandemic. In a survey
of tenured and tenure-track faculty from four-year colleges and universities, women reported
about 30 more minutes per week of service than men, even after controlling for rank, race,
and discipline. Full professors spent the most time on service, with women full professors
reporting notably more time spent on service than men professors (Guarino & Borden, 2017).

The advent of the pandemic also created needs for universities to develop both short-
term and long-term plans for academic and student life (The Chronicle of Higher Education,
2020b). Most universities and colleges dealt with this administrative burden by developing
working groups that included faculty – another form of internal university service. Since the
gender gap in service time is driven primarily by internal service (Guarino & Borden, 2017),

8This computes even if we base the calculation on only those scientists with stay-at-home partners: the
remainder of men scientists (20%) would do less than half the childcare, with women with stay-at-home
partners (only 5%) doing less than half the childcare. Note that these are not natural-science specific
percentages for stay-at-home partners (Schiebinger et al., 2008).
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this increased need may have only exacerbated the demands on women faculty’s time during
the COVID-19 pandemic.

5.5 The Transition to Online Teaching

The fifth potential mechanism suggested by previous research that may explain the gap in
gender productivity rates is the corresponding gender gap in teaching. The pandemic may
have exacerbated women’s already greater teaching expectations.

Research shows women generally have academic positions with higher teaching commit-
ments (AAUP, 2001; Misra, Lundquist, Holmes, & Agiomavritis, 2011). Women are less
likely to hold positions at research universities, and more likely to be in adjunct or other
temporary teaching roles (Finkelstein, Conley, & Schuster, 2016; Monks, 2009; Steinþórs-
dóttir, Einarsdóttir, Heijstra, Pétursdóttir, & Smidt, 2018). Research suggests that online
teaching takes more time, especially when initially creating a class, than in-person teaching
(Kenny & Fluck, 2017; Myers et al., 2020; Tomei, 2006). In the spring corresponding with
the beginning of the COVID-19 shelter-at-home orders, instructors were asked to quickly
move their classes online (The Chronicle of Higher Education, 2020a). This would have cre-
ated greater demands on the time of those faculty with larger teaching responsibilities. Since
these are disproportionately women, the reduced research productivity of women during the
shelter-at-home orders may be due in part to increased teaching demands.

Furthermore, women are generally expected to perform more emotional labor in the
classroom than men (Bellas, 1999). This involves more outreach to under-performing stu-
dents and more time spent in office hours supporting students’ personal and psycho-social
development (El-Alayli, Hansen-Brown, & Ceynar, 2018). Women faculty, and particularly
women of color faculty, must engage in a disproportionate amount of emotional labor for
the university, especially for required diversity courses (Moore, Acosta, Perry, & Edwards,
2010). With the dramatic changes to students’ personal lives that came with the COVID-19
pandemic and associated shelter-at-home orders, women professors likely spent more time
on emotional labor tasks beyond curriculum development.

6 Implications
Given the novel nature of the challenges facing women during the pandemic, universities
can and should do more than continue to implement known recommendations for supporting
women faculty (Hill et al., 2010). Hiring, tenure and promotion committees should re-
calibrate expectations and make them clear (Malisch et al., 2020). Bias creeps in when
there is ambiguity (Ridgeway, 2011). Because women increasingly choose occupations that
allow them to reconcile the competing time demands of work and family (Damelang &
Ebensperger, 2020), it is crucial that universities provide institutional support for the unique
challenges of this moment. In this third section of the paper, we outline research-based
solutions institutions can implement to counteract the challenges women faculty face during
the pandemic.
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6.1 Hiring and Evaluating

Universities should make a strong effort to communicate to departments and hiring commit-
tees the importance of producing diverse slates of job candidates, and considering in their
selection process the fact that the pandemic has negatively affected women and other un-
derrepresented groups. We analyzed the pandemic’s effects on scholarly productivity only
by gender, but we encourage similar efforts to explore how the pandemic is affecting Black,
Asian, Latinx, and Indigenous scholars, as well as academics with disabilities and other
equity-seeking groups. The pandemic has likely exacerbated other pre-existing inequities be-
cause of the unequal disease burden (Williamson et al., 2020), racial or ethnic discrimination
and bias during the pandemic, and increased emotional labor.

Institutions can reduce bias by ensuring the evaluation process is holistic. Acknowledging
that gender bias exists in the pandemic is crucial to minimizing its impact; evaluators who
think that bias is not happening in their fields are the key drivers of it (Begeny, Ryan, Moss-
Racusin, & Ravetz, 2020). Candidates should be given the opportunity to provide a written
narrative, along with multiple forms of evidence (Htun, 2020). However, asking academics
to self-report how they have been individually affected could open the door to a motherhood
penalty, whereby women are generally penalized in evaluations for having children (Benard
& Correll, 2010; Correll, Benard, & Paik, 2007).9 Institutions should explicitly not require
any teaching evaluations from during the transition period of the pandemic as part of hiring,
retention, or promotion materials (Gonzales & Griffin, 2020).

Universities will need to take action to ensure that women scholars are not disproportion-
ately harmed in the tenure and promotion process. Many colleges and universities have been
offering (sometimes automatic) extensions of the tenure clock. However, since this extension
is offered to all assistant professors, it is not clear if it will address disproportionate harm
to women. Tenure clock extension policies must be implemented carefully so as not to harm
women scholars in implementation (Antecol, Bedard, & Stearns, 2018; Manchester, Leslie,
& Kramer, 2013; Williams & Lee, 2016). Furthermore, extensions delay the increase in pay
and power which come with promotion for both women and men (Manchester et al., 2013).
So tenure clock extensions are "not a panacea" (Malisch et al., 2020). If offered, "opt-out"
extensions are preferable because the effort to opt-out falls on the most privileged (Gonzales
& Griffin, 2020).

Committees must resist comparing productivity from the time of the extension, and
they should specify to external reviewers the years for which candidates should be evaluated
(Gonzales & Griffin, 2020). Asking committees to completely discount papers written during
this period is unrealistic. Institutional shared governance groups need to clarify expectations
for productivity with gender equity in mind. Malisch et al. (2020) outline recommendations
for how such committees might develop metrics and structures and ensure their institutional
adoption.

9Although it is worth noting that, among highly paid women, the motherhood penalty is largely explained
by time out of the workforce (Budig & Hodges, 2010).
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6.2 Rethinking Productivity

Productivity can take different forms in a period in which rapid science is in high demand.
Tenure and promotion standards could be updated with a statement to allow op-eds, reports,
blogs, and other pieces written for popular audiences to be considered equally valuable to
peer-reviewed papers during this time (Ellingson & Quinlan, 2012); if not equally valuable,
then some certain number of pieces could be considered equivalent to a peer-reviewed con-
tribution. Researchers can also be encouraged to explore other types of work like review
articles, syntheses or commentaries, and data mining. Faculty development offices could
encourage interdisciplinary collaborations among campus faculty. Small stipends – or even
merely coordinating infrastructure – could be provided to encourage subject matter experts
to collaborate with methodologists across fields. Such flexible approaches to thinking about
productivity will make room for gender differences in methodology across disciplines during
a time when some may be more difficult to use than others. It will also provide a structure
for women researchers to deploy their existing expertise in new productive ways.

Institutions can also support their women faculty in sharing their expertise in other ways
during this critical time. Women currently make up fewer than one-quarter of COVID-19
experts in the media and national task forces. University press offices can also “amplify the
voices of women with established records in infectious disease, pandemic response, global
health, and health security” (Gabster et al., 2020, 1969). This can be done by promoting
existing research and helping to facilitate the ongoing involvement of women scholars in
COVID-19 policymaking.

6.3 Getting Scientists Back to Work

Taking time out of the labor force for child care has immense professional and economic
costs for women – and men (Madowitz, Rowell, & Hamm, 2016). Universities that expect
professors to return to work need to be sure that their employees have access to adequate, safe
childcare. Institutions should invest in high-quality, on-campus childcare (with appropriate
safety measures), and offer small-group childcare not only for infants and preschoolers, but
for school-aged children in areas where schools continue to be closed. Universities should
also prioritize mothers for returning to offices and labs; space can be an issue for those in
small homes, especially if children are being cared for at home.

6.4 Supporting Teaching

Rather than attempting to evaluate online learning or teaching efficacy using student eval-
uations, faculty should be asked to document the move to online teaching using reflections
or “before” and “after” syllabi (Gonzales & Griffin, 2020). Faculty can also be invited to
document the emotional labor and support provided to students during this time (Gonza-
les & Griffin, 2020). Moving forward, student life offices can support faculty by providing
templates for how to support students with common challenges.

To account for the greater teaching demands of moving courses online, institutions should
consider shifting their percentage balances (for the relative importance of research, teaching,
and service) for faculty evaluation for the duration of the pandemic. Universities should
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also consider providing more course releases during this time, even though budgets are tight.
This could be administered through a special application-based program, giving early-career
mothers (and especially single parents) priority.

6.5 Making Service and Funding Equitable

Even if course releases are not a possibility, institutions can implement structured inter-
ventions to ensure equity in service and teaching within departments. Ensuring that clear
criteria are regularly applied even at the departmental level throughout these uncertain times
will facilitate greater equity for women and underrepresented minorities (O’Meara, Jaeger,
Misra, Lennartz, & Kuvaeva, 2018).

Institutions that have diverted university grants should prioritize the return of funding for
early career mothers. Universities could provide a flexible spending account so that mothers
can hire a caretaker for their children or elderly parents. Flexible spending accounts could
also allow spending for housework for all faculty, a benefit which is inclusive and also gender
equitable (Schiebinger & Gilmartin, 2010). Additional funds for home-office items can reduce
the challenges of working from home with children or other family members.

6.6 Closing the Gender Pay Gap

At many institutions, women faculty continue to be paid lower salaries than men faculty,
even after controlling for field and career stage (AAUP, 2018; M. F. Fox et al., 2017). If
universities took greater steps to close the gender pay gap, then women faculty in dual-
career couples would not be the lower-earning partner as often as they are now. Although,
unfortunately, research suggests that earning as much or more than their partners may not
result in a more equitable division of labor at home (Brines, 1994; Pew Research Center,
2013; Tichenor, 2005), increased wages for women scientists can be put to other uses, such as
child care. Realistically, it might already be too late for universities to significantly narrow
the gender pay gap during the COVID-19 pandemic. But longer-term investments in gender
equality are still needed to ensure an equitable recovery post-pandemic and to guard against
future exogenous shocks to academic productivity, be they to particular individuals or more
widespread, as with COVID-19.

6.7 Structured Support

These kinds of changes will necessitate a focus on faculty development, shared governance,
and flexible thinking about criteria for promotion and tenure. True gender equity in the
academy also demands greater inclusion of non-tenure-track faculty in developing strategic
plans and initiatives to support faculty (Rosen & Lester, 2020).

Many of these suggestions will cost money. However, when compared to the substan-
tial investments institutions have previously dedicated to recruiting and retaining qualified
women faculty (Williams & Norton, 2008), it would be penny wise and pound foolish to
ignore the needs of this population during this critical time. An inclusive, diverse com-
mittee to oversee institutional programs and evaluation guidelines should be implemented
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at each college and university.10 The service contributions to such a committee should be
documented and valued for retention, tenure, and promotion (Malisch et al., 2020).

For those who might read these suggestions and feel they do not go far enough, we argue
for a ‘small wins’ approach to organizational change (Correll, 2017). Using research-based
tools to reduce gender inequality, adapting these for the local organizational context, apply-
ing the intervention, and evaluating what enabled success will motivate organizational leaders
to continue making change. Transformational gender equity is possible in the academy – one
small change at a time.

7 Conclusion
Institutions of higher education need to heed these warning signals and take action now
to prevent backsliding on gender equity. Women scientists have experienced a productivity
penalty from the social and structural changes accompanying the COVID-19 pandemic.
However, these widening gaps are not reflected in all authorship positions. Women are
experiencing relative productivity declines in last authorship positions in both the arXiv
and bioRxiv preprint repositories. However, in the first, middle, and sole author positions,
women authorship rates have not been affected by the pandemic in bioRxiv – only in arXiv.

The trends in both preprint servers support our hypothesis that the pandemic is dispro-
portionately reducing the productivity of women scholars. How long this effect will persist,
and what its downstream consequences might be for journal publications and academic ca-
reers, are open questions that can only be answered by time. This analysis could also be
extended to examine the effects of author order, field, and researcher institution or coun-
try. Understanding this difference between fields amongst first, middle, last, and sole author
positions is an area ripe for future research. Further research could investigate why fields
differ in the consistency of women’s first authorship productivity during the early months
of COVID-19, as these disciplinary differences might provide further insight into ways to
support women scholars.

Women academics shoulder more responsibility for childcare and domestic work. They
are more likely to reduce their work hours and deprioritize their careers when family needs
arise. Our society has long depended on invisible and undervalued care and domestic work
(England, Budig, & Folbre, 2002; Madowitz et al., 2016); the pandemic has undermined
these structures that support the ‘ideal worker.’ Faced with added domestic responsibili-
ties, together with disproportionate service, teaching, and emotional labor, women faculty’s
productivity has decreased during the pandemic.

Women scientists are facing a reduction in relative productivity as a result of COVID-19.
This research reveals the under-representation of women scientists in the prestige authorship
positions necessary for retention and promotion is only getting more inequitable during the
COVID-19 pandemic. Publication productivity has important implications for cumulative
advantage and visibility in careers (Fowler & Aksnes, 2007; Leahey, 2007). In a ‘publish
or perish’ world, the social fallout of the pandemic could set back the hard-won progress of
women in STEM.

10Suggestions for the operation and recommended actions of such a committee are available at
https://academicequity.com (Malisch et al., 2020).



The Pandemic Penalty 26

8 Acknowledgements
The authors are grateful to Christof Brandtner, Kate Kirby, Michelle Bezanson, Jennifer
Jacquet, Armand Rundquist, and Kjersten Whittington for conversations and feedback that
contributed to the development of this paper. MEF thanks the Natural Sciences and Engi-
neering Research Council of Canada (NSERC), the University of Toronto, and the Radcliffe
Institute for Advanced Study at Harvard University for financial support. MMK thanks
Santa Clara University for financial support.

References
AAUP. (2001). Statement of principles on family responsibilities and academic

work (Vol. 87; Tech. Rep. No. 5). American Association of University Pro-
fessors. Retrieved from https://www.aaup.org/report/statement-principles
-family-responsibilities-and-academic-work

AAUP. (2018). The Annual Report on the Economic Status of the Profession, 2017–18
(Tech. Rep.). American Association of University Professors. Retrieved from https://
www.aaup.org/report/annual-report-economic-status-profession-2017-18

Alon, T. M., Doepke, M., Olmstead-Rumsey, J., & Tertilt, M. (2020). The Impact
Of COVID-19 On Gender Equality. Retrieved from http://www.nber.org/papers/
w26947

Amano-Patiño, N., Faraglia, E., Giannitsarou, C., & Hasna, Z. (2020). The Unequal
Effects of Covid-19 on Economists’ Research Productivity. Cambridge-INET
Working Paper Series No. Retrieved from https://www.inet.econ.cam.ac.uk/
research-papers/wp-abstracts?wp=2022%0Ahttps://www.inet.econ.cam.ac.uk/
working-paper-pdfs/wp2022.pdf

Andersen, J. P., Nielsen, M. W., Simone, N. L., Lewiss, R. E., & Jagsi, R. (2020).
Meta-Research: COVID-19 medical papers have fewer women first authors than ex-
pected. eLife, 9 (March), 1–7. Retrieved from http://www.ncbi.nlm.nih.gov/
pubmed/32538780

Antecol, H., Bedard, K., & Stearns, J. (2018). Equal but inequitable: Who benefits from
gender-neutral tenure clock stopping policies? American Economic Review , 108 (9),
2420–2441.

Begeny, C. T., Ryan, M. K., Moss-Racusin, C. A., & Ravetz, G. (2020). In some professions,
women have become well represented, yet gender bias persists — Perpetuated by those
who think it is not happening. Science Advances , 6 (26). Retrieved from https://
advances.sciencemag.org/content/6/26/eaba7814/tab-pdf

Bellas, M. L. (1999). American Academy of Political and Social Science Emotional Labor in
Academia: The Case of Professors. The Annals of the American Academy of Political
and Social Science, 561 , 96–110. Retrieved from http://www.jstor.com/stable/
1049284

Benard, S., & Correll, S. J. (2010, 9). Normative Discrimination and the Motherhood
Penalty. Gender & Society , 24 (5), 616–646. Retrieved from http://gas.sagepub
.com/cgi/doi/10.1177/0891243210383142



The Pandemic Penalty 27

Brines, J. (1994). Economic Dependency, Gender, and the Division of Labor at Home. The
American Journal of Sociology , 100 (3), 652–688.

Budig, M. J., & Hodges, M. J. (2010, 10). Differences in Disadvantage: Variation in the
Motherhood Penalty across White Women’s Earnings Distribution. American Socio-
logical Review , 75 (5), 705–728. Retrieved from http://asr.sagepub.com/cgi/doi/
10.1177/0003122410381593

Campbell, L. G., Mehtani, S., Dozier, M. E., & Rinehart, J. (2013, 1). Gender-
heterogeneous working groups produce higher quality science. PLoS ONE , 8 (10),
e79147. Retrieved from http://www.pubmedcentral.nih.gov/articlerender.fcgi
?artid=3813606&tool=pmcentrez&rendertype=abstract

Carlson, D. L., Petts, R., & Pepin, J. R. (2020). US Couples’ Divisions of Housework and
Childcare during COVID-19 Pandemic. Retrieved from https://osf.io/preprints/
socarxiv/jy8fn/

Cech, E. A., & Blair-Loy, M. (2019). The changing career trajectories of new parents
in STEM. PNAS , 201810862. Retrieved from http://www.pnas.org/lookup/doi/
10.1073/pnas.1810862116

Cha, Y. (2010). Reinforcing separate spheres: The effect of spousal overwork on men’s and
women’s employment in dual-earner households. American Sociological Review , 75 (2),
303–329.

Chamberlain, S., Zhu, H., Jahn, N., Boettiger, C., & Ram, K. (2020). rcrossref: Client for
Various ’CrossRef’ ’APIs’. R package version 1.0.0.

Cole, J. R., & Zuckerman, H. A. (1987). Marriage, Motherhood and Research Performance
in Science. Scientific American.

Collins, C., Landivar, L. C., Ruppanner, L., & Scarborough, W. J. (2020). COVID-19 and
the Gender Gap in Work Hours.

Correll, S. J. (2017). SWS 2016 Feminist Lecture: Reducing Gender Biases In Modern
Workplaces: A Small Wins Approach to Organizational Change. Gender and Society ,
31 (6), 725–750.

Correll, S. J., Benard, S., & Paik, I. (2007, 3). Getting a Job: Is There a Motherhood
Penalty? American Journal of Sociology , 112 (5), 1297–1339. Retrieved from http://
www.jstor.org/stable/10.1086/511799

Cottom, T. M. (2020). What the Pandemic Means for Women in the Hustle Economy. Re-
trieved from https://filene.org/blog/what-the-pandemic-means-for-women-in
-the-hustle-economy

Cui, R., Ding, H., & Zhu, F. (2020). Gender Inequality in Research Productivity During the
COVID-19 Pandemic.

Damelang, A., & Ebensperger, S. (2020). Gender composition of occupations and oc-
cupational characteristics: Explaining their true relationship by using longitudi-
nal data. Social Science Research, 86 (November 2019), 102394. Retrieved from
https://doi.org/10.1016/j.ssresearch.2019.102394

Derrick, G. E., Jaeger, A., Chen, P. Y., Sugimoto, C. R., Van Leeuwen, T., & Lariviere,
V. (2019). Models of parenting and its effect on academic productivity: Preliminary
results from an international survey. In 17th international conference on scientometrics
and informetrics, issi 2019 - proceedings (Vol. 2, pp. 1670–1676). International Society
for Informetrics and Scientometrics, ITA. Retrieved from https://eprints.lancs.ac



The Pandemic Penalty 28

.uk/id/eprint/138455/
Dolan, K., & Lawless, J. L. (2020). It Takes a Submission: Gendered Pat-

terns in the Pages of AJPS – American Journal of Political Science. Retrieved
from https://ajps.org/2020/04/20/it-takes-a-submission-gendered-patterns
-in-the-pages-of-ajps/

El-Alayli, A., Hansen-Brown, A. A., & Ceynar, M. (2018). Dancing Backwards in High
Heels: Female Professors Experience More Work Demands and Special Favor Requests,
Particularly from Academically Entitled Students. Sex Roles , 79 (3-4), 136–150.

Ellingson, L. L., & Quinlan, M. M. (2012). Beyond the research/service dichotomy: Claiming
all research products for hiring, evaluation, tenure, and promotion. Departures in
Critical Qualitative Research, 1 (3), 385–399. Retrieved from https://dcqr.ucpress
.edu/content/1/3/385

England, P., Budig, M. J., & Folbre, N. (2002, 11). Wages of Virtue: The Relative Pay of
Care Work. Social Problems , 49 (4), 455–473. Retrieved from http://www.jstor.org/
stable/info/10.1525/sp.2002.49.4.455

Finkelstein, M. J., Conley, V. M., & Schuster, J. H. (2016). Taking the mea-
sure of faculty diversity (Tech. Rep.). TIAA Institute. Retrieved from
https://www.tiaainstitute.org/sites/default/files/presentations/
2017-02/taking_the_measure_of_faculty_diversity.pdf

Fowler, J. H., & Aksnes, D. W. (2007, 7). Does self-citation pay? Scientometrics , 72 (3), 427–
437. Retrieved from http://link.springer.com/10.1007/s11192-007-1777-2

Fox, J., & Weisberg, S. (2019). An R Companion to Applied Regression (Third edit ed.).
Thousand Oaks, CA: SAGE.

Fox, M. F. (2005, 2). Gender, Family Characteristics, and Publication Productivity among
Scientists. Social Studies of Science, 35 (1), 131–150. Retrieved from http://sss
.sagepub.com/cgi/doi/10.1177/0306312705046630

Fox, M. F., Fonseca, C., & Bao, J. (2011). Work and family conflict in academic science:
Patterns and predictors among women and men in research universities. Social Studies
of Science, 41 (5), 715–735.

Fox, M. F., Whittington, K. B., & Linkova, M. (2017). Gender, Inequity, and the Scientific
Workforce. In U. Felt, R. Fouche, C. A. Miller, & L. Smith-Doerr (Eds.), Handbook of
science and technology studies (4th ed.). Cambridge, MA: MIT Press.

Fraser, N. (2020). rbiorxiv. R package. Retrieved from https://github.com/
nicholasmfraser/rbiorxiv

Fraser, N., Brierley, L., Dey, G., Polka, J. K., Pálfy, M., & Coates, J. A. (2020). Preprinting
a pandemic: the role of preprints in the COVID-19 pandemic.

Frederickson, M. (2020). Women are getting less research done than men
during this coronavirus pandemic. The Conversation. Retrieved from
https://theconversation.com/women-are-getting-less-research-done-than
-men-during-this-coronavirus-pandemic-138073

Gabster, B. P., van Daalen, K., Dhatt, R., & Barry, M. (2020). Challenges for the fe-
male academic during the COVID-19 pandemic. The Lancet , 395 (10242), 1968–1970.
Retrieved from http://dx.doi.org/10.1016/S0140-6736(20)31412-4

Gonzales, L. D., & Griffin, K. A. (2020). Supporting faculty during & after COVID-19:
Don’t let go of equity (Tech. Rep.). Washington, DC: Aspire: The National Alliance



The Pandemic Penalty 29

for Inclusive & Diverse STEM Faculty. Retrieved from https://drive.google.com/
file/d/1WQrIG6LsR04jGASfF6Z8WVxl4RIRpsMj/

Guarino, C. M., & Borden, V. M. (2017). Faculty Service Loads and Gender: Are Women
Taking Care of the Academic Family? Research in Higher Education, 58 (6), 672–
694.

Hill, C., Corbett, C., & St. Rose, A. (2010). Why So Few? Women in Science, Technology,
Engineering, and Mathematics (Vol. 3) (No. 2). Washington, DC: AAUW. Retrieved
from www.aauw.org

Hochschild, A. R. (1994). Inside the Clockwork of Male Careers. In K. M. Orlans &
R. Wallace (Eds.), Gender and the academic experience (pp. 125–139). Lincoln, NE:
University of Nebraska Press.

Htun, M. (2020). Tenure and promotion after the pandemic. Science, 368 (6495), 1075.
Hunter, L. A., & Leahey, E. (2010). Parenting and research productiv-

ity: New evidence and methods. Social Studies of Science, 40 (3), 433–451.
Retrieved from http://sociology.arizona.edu/sites/sociology.arizona.edu/
files/files-user/Leahey_SSS2010.pdf

Ioannidis, J. P. A., Boyack, K. W., & Klavans, R. (2014, 1). Estimates of the Continuously
Publishing Core in the Scientific Workforce. PLoS ONE , 9 (7), e101698. Retrieved
from http://www.ncbi.nlm.nih.gov/pubmed/25007173

Jolly, S., Griffith, K. A., DeCastro, R., Stewart, A., Ubel, P., & Jagsi, R. (2014). Gender
differences in time spent on parenting and domestic responsibilities by high-achieving
young physician-researchers. Annals of Internal Medicine, 160 (5), 344–353.

Karthik, R., & Broman, K. (2019). aRxiv: Interface to the arXiv API. R package. Retrieved
from https://cran.r-project.org/package=aRxiv

Kenny, J., & Fluck, A. E. (2017). Towards a methodology to determine standard time
allocations for academic work. Journal of Higher Education Policy and Management ,
39 (5), 503–523.

King, M. M., Bergstrom, C. T., Correll, S. J., Jacquet, J., & West, J. D. (2017). Men
Set Their Own Cites High: Gender and Self-Citation Across Fields and Over Time.
Socius , 3 , 1–22. Retrieved from http://arxiv.org/abs/1607.00376

Kitchener, C. (2020, 5). ‘I had to choose being a mother: With no child care or
summer camps, women are being edged out of the workforce. Retrieved from
https://www.thelily.com/i-had-to-choose-being-a-mother-with-no-child
-care-or-summer-camps-women-are-being-edged-out-of-the-workforce/

Kyvik, S., & Teigen, M. (1996). Child Care, Research Collaboration, and Gender Differences
in Scientific Productivity. Science, Technology & Human Values , 21 (1), 54–71.

Leahey, E. (2007, 8). Not by Productivity Alone: How Visibility and Specialization Con-
tribute to Academic Earnings. American Sociological Review , 72 (4), 533–561. Re-
trieved from http://asr.sagepub.com/cgi/doi/10.1177/000312240707200403

Livingston, G. (2018). They’re Waiting Longer, but U.S. Women Today More Likely
to Have Children Than a Decade Ago (Tech. Rep. No. January). Pew Re-
search Center. Retrieved from http://www.pewsocialtrends.org/2018/01/18/
theyre-waiting-longer-but-u-s-women-today-more-likely-to-have-children
-than-a-decade-ago/

Lone-parent families. (2015). Retrieved from https://www150.statcan.gc.ca/n1/pub/



The Pandemic Penalty 30

75-006-x/2015001/article/14202/parent-eng.htm
Long, J. S. (1992). Measures of Sex Differences in Scientific Productivity. Social Forces ,

71 (1), 159–178. Retrieved from http://sf.oxfordjournals.org/content/71/1/159
.short

Madowitz, M., Rowell, A., & Hamm, K. (2016). Calculating the Hidden Cost of Interrupting
a Career for Child Care (Tech. Rep. No. June). Center for American Progress.
Retrieved from https://www.americanprogress.org/issues/early-childhood/
reports/2016/06/21/139731/calculating-the-hidden-cost-of-interrupting-a
-career-for-child-care/

Malisch, J. L., Harris, B. N., Sherrer, S. M., Lewis, K. A., Shepherd, S. L., McCarthy,
P. C., . . . Deitloff, J. (2020). In the wake of COVID-19, academia needs new solutions
to ensure gender equity. PNAS , 117 (27), 15378–15381. Retrieved from https://
www.pnas.org/content/117/27/15378

Manchester, C. F., Leslie, L. M., & Kramer, A. (2013, 1). Is the Clock Still Tick-
ing? An Evaluation of the Consequences of Stopping the Tenure Clock. ILR Re-
view , 66 (1), 3–31. Retrieved from http://journals.sagepub.com/doi/10.1177/
001979391306600101

Mason, M. A., & Goulden, M. (2004). Marriage and Baby Blues: Redefining gender equity
in the academy. Annals of the American Academy of Political and Social Science, 596 ,
86–103.

Mason, M. A., Stacy, A., Goulden, M., Hoffman, C., & Frasch, K. (2005). Faculty
Family Friendly Edge: An initiative for tenure-track faculty at the University of
California (Tech. Rep. No. February). University of California. Retrieved from
https://ucfamilyedge.berkeley.edu/sites/default/files/ucfamilyedge.pdf

Mason, M. A., Wolfinger, N., & Goulden, M. (2013, 10). Do Babies Matter?: Gen-
der and Family in the Ivory Tower. Contemporary Sociology: A Journal of Re-
views , 42 (6), 888–888. Retrieved from http://csx.sagepub.com/cgi/doi/10.1177/
0094306113506874e

Matthews, D. (2020, 6). Pandemic lockdown holding back female academics, data
show. Retrieved from https://www.timeshighereducation.com/news/pandemic
-lockdown-holding-back-female-academics-data-show

McDowell, J. M., & Smith, J. K. (1992). The Effect of Gender-Sorting on Propensity to
Coauthor: Implications for Academic Promotion. Economic Inquiry , 30 , 68–82.

Misra, J., Lundquist, J. H., Holmes, E., & Agiomavritis, S. (2011). The Ivory Ceiling
of Service Work. Academe, 97 (1), 22–26. Retrieved from https://www.jstor.org/
stable/25799863

Misra, J., Lundquist, J. H., & Templer, A. (2012). Gender, Work Time, and Care Respon-
sibilities Among Faculty. Sociological Forum, 27 (2), 300–323.

Monks, J. (2009). Who Are the Part-Time Faculty? Academe, 95 (4). Retrieved from
https://www.aaup.org/article/who-are-part-time-faculty

Moore, H. A., Acosta, K., Perry, G., & Edwards, C. (2010). Splitting the Academy: The
Emotions of Intersectionality at Work. The Sociological Quarterly , 51 , 179–204.

Mullen, L. (2019). gender: Predict Gender from Names Using Historical Data. R package.
Retrieved from https://github.com/ropensci/gender

Muric, G., Lerman, K., & Ferrara, E. (2020). COVID-19 amplifies gender disparities in



The Pandemic Penalty 31

research. Retrieved from http://arxiv.org/abs/2006.06142
Myers, K. R., Tham, W. Y., Yin, Y., Cohodes, N., Thursby, J. G., Thursby, M. C., . . . Wang,

D. (2020). Unequal effects of the COVID-19 pandemic on scientists. Nature Human
Behaviour . Retrieved from http://dx.doi.org/10.1038/s41562-020-0921-y

Newhouse, J. P., & McClellan, M. (1998, 1). Econometrics in outcomes research: the use
of instrumental variables. Annual review of public health, 19 , 17–34. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/9611610

Nielsen, M. W., Alegria, S., Börjeson, L., Etzkowitz, H., Falk-Krzesinski, H. J., Joshi, A.,
. . . Schiebinger, L. (2017). Gender diversity leads to better science. Proceedings of the
National Academy of Sciences of the United States of America, 114 (8), 1740–1742.

Ozel, B., Kretschmer, H., & Kretschmer, T. (2014). Co-authorship pair distribution patterns
by gender. Scientometrics , 98 (1), 703–723.

O’Meara, K. A., Jaeger, A., Misra, J., Lennartz, C., & Kuvaeva, A. (2018). Undoing
disparities in faculty workloads: A randomized trial experiment. PLoS ONE , 13 (12),
9–11.

Penfold, N. C., & Polka, J. K. (2020). Technical and social issues influencing the adoption
of preprints in the life sciences. PLoS Genetics , 16 (4). Retrieved from http://dx.doi
.org/10.1371/journal.pgen.1008565

Pew Research Center. (2013). Chapter 6: Time in Work and Leisure, Patterns by Gender and
Family Structure (Tech. Rep.). Retrieved from https://www.pewsocialtrends.org/
2013/03/14/chapter-6-time-in-work-and-leisure-patterns-by-gender-and
-family-structure/

Pinho-Gomes, A. C., Peters, S., Thompson, K., Hockham, C., Ripullone, K., Woodward,
M., & Carcel, C. (2020). Where are the women? Gender inequalities in COVID-19
research authorship. BMJ Global Health, 5 (7), 1–4.

Rhoten, D., & Pfirman, S. (2007, 2). Women in interdisciplinary science: Explor-
ing preferences and consequences. Research Policy , 36 (1), 56–75. Retrieved from
http://linkinghub.elsevier.com/retrieve/pii/S0048733306001338

Ridgeway, C. L. (2011). Framed by Gender: How Gender Inequality Persists in the Modern
World. New York: Oxford University Press.

Risman, B. J. (1998). Gender as Structure. In Gender vertigo: American families in
transition (pp. 13–44). New Haven: Yale University Press.

Rosen, A., & Lester, J. (2020, 7). Supporting Faculty Careers Amid Uncertainty.
Retrieved from https://www.insidehighered.com/views/2020/07/02/supporting
-faculty-careers-amid-season-uncertainty-opinion

Schiebinger, L., & Gilmartin, S. K. (2010). Housework Is an Academic Issue: How to keep
talented women scientists in the lab, where they belong. Academe. Retrieved from
http://www.aaup.org/aaup/pubsres/academe/2010/jf/feat/schie.htm

Schiebinger, L., Henderson, A. D., & Gilmartin, S. K. (2008). Dual-Career
Academic Couples: What Universities Need to Know (Tech. Rep.). Stan-
ford, CA: Michelle R. Clayman Institute for Gender Research, Stanford Univer-
sity. Retrieved from https://gender.stanford.edu/sites/g/files/sbiybj5961/
f/publications/dualcareerfinal_0.pdf

Schisterman, E. F., Swanson, C. W., Lu, Y.-L., & Mumford, S. L. (2017, 3). The
Changing Face of Epidemiology. Epidemiology , 28 (2), 159–168. Retrieved from



The Pandemic Penalty 32

http://journals.lww.com/00001648-201703000-00002
Shurchkov, O., Deryugina, T., & Stearns, J. (2020, 4). Is COVID-19 turn-

ing back the clock on gender equality in academia? Retrieved from
https://medium.com/@olga.shurchkov/is-covid-19-turning-back-the-clock
-on-gender-equality-in-academia-70c00d6b8ba1

Snyder, T. D., Brey, C. d., & Dillow, S. A. (2019). Table 315.20. Full-time fac-
ulty in degree-granting postsecondary institutions, by race/ethnicity, sex, and aca-
demic rank (Vol. 54th Editi; Tech. Rep.). National Center for Education Statistics.
Retrieved from https://nces.ed.gov/programs/digest/d19/tables/dt19_315.20
.asp?current=yes

Steinþórsdóttir, F. S., Einarsdóttir, , Heijstra, T. M., Pétursdóttir, G. M., & Smidt,
T. B. (2018). Gender budgeting to expose inequalities in a precarious academia
- and redistribute resources to effect change. In A. Murgia & B. Poggio (Eds.),
Gender and precarious research careers (pp. 83–110). Routledge. Retrieved from
http://eprints.whiterose.ac.uk/135242/2/9781315201245.pdf

Survey of Doctorate Recipients 2017 (Tech. Rep.). (2019). National Science Foundation.
Retrieved from https://nsf.gov/statistics/srvydoctoratework/

The Chronicle of Higher Education. (2020a). Coronavirus Hits Campus. Retrieved
from https://www.chronicle.com/specialreport/Coronavirus-Hits-Campus/275
?cid=wcontentgrid_hp_1b

The Chronicle of Higher Education. (2020b, 4). Here’s a List of Colleges’ Plans for Reopening
in the Fall. Retrieved from https://www.chronicle.com/article/Here-s-a-List
-of-Colleges-/248626

Tichenor, V. J. (2005). Earning More and Getting Less: Why Successful Wives Can’t Buy
Equality. Rutgers University Press.

Tomei, L. A. (2006). The Impact of Online Teaching on Faculty Load: Computing the Ideal
Class Size for Online Courses. Journal of Technology and Teacher Education, 14 (3),
531–541.

UNESCO Institute for Statistics. (2020). Global monitoring of school closures caused by
COVID-19. Retrieved from https://en.unesco.org/covid19/educationresponse

van Arensbergen, P., van der Weijden, I., & van den Besselaar, P. (2012, 12). Gender
differences in scientific productivity: a persisting phenomenon? Scientometrics , 93 (3),
857–868.

Varner, A., & Drago, R. (2000). The Changing Face of Care: The Elderly. University Park,
PA: Penn State University Department of Labor Studies and Industrial Relations.

Vincent-Lamarre, P., R. Sugimoto, C., & Larivière, V. (2020). Monitoring women’s schol-
arly production during the COVID-19 pandemic: Methodological Appendix. Na-
ture Index . Retrieved from http://shiny.initiativesnumeriques.org/monitoring
-scholarly-covid/

Vincent-Lamarre, P., Sugimoto, C. R., & Larivière, V. (2020). The decline of
women’s research production during the coronavirus pandemic. Nature Index ,
May 19 . Retrieved from https://www.natureindex.com/news-blog/decline-women
-scientist-research-publishing-production-coronavirus-pandemic

Wais, K. (2016). Gender Prediction Methods Based on First Names with genderizeR. The
R Journal , 8 , 17–37.



The Pandemic Penalty 33

Wayne, J. H., & Cordeiro, B. L. (2003). Who is a good organizational citizen? Social
perception of male and female employees who use family leave. Sex Roles , 49 (5-6),
233–246.

West, J. D., Jacquet, J., King, M. M., Correll, S. J., & Bergstrom, C. T. (2013, 7). The
Role of Gender In Scholarly Authorship. PLoS ONE , 8 (7), e66212. Retrieved from
http://dx.plos.org/10.1371/journal.pone.0066212

Williams, J. C., & Lee, J. (2016, 8). Is It Time to Stop Stopping the
Clock? Retrieved from https://www.chronicle.com/article/is-it-time-to-stop
-stopping-the-clock/

Williams, J. C., & Norton, D. L. (2008). Building Academic Excellence through Gender
Equity. American Academic, 4 , 185–205.

Williamson, E. J., Walker, A. J., Bhaskaran, K., Bacon, S., Bates, C., Morton, C. E.,
. . . Goldacre, B. (2020, 7). Factors associated with COVID-19-related death using
OpenSAFELY. Nature. Retrieved from http://www.nature.com/articles/s41586
-020-2521-4

Woolston, C. (2020). ‘It’s like we’re going back 30 years’: how the coronavirus is gutting
diversity in science. Nature. Retrieved from https://www.nature.com/articles/
d41586-020-02288-3

Xie, Y., & Shauman, K. A. (1998). Sex Differences in Research Productivity: New Evidence
About an Old Puzzle. American Sociological Review , 63 (6), 847–870.


