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The coronavirus disease 2019 (COVID-19) pandemic is altering dynamics in academia,

and people juggling remote work and domestic demands – including childcare – have

felt impacts on their productivity. Female authors have faced a decrease in paper

submission rates since the beginning of the pandemic period. The reasons for this

decline in women’s productivity need to be further investigated. Here, we analyzed

the influence of gender, parenthood and race on academic productivity during the

pandemic period based on a survey answered by 3,345 Brazilian academics from

various knowledge areas and research institutions. Productivity was assessed by the

ability to submit papers as planned and to meet deadlines during the initial period

of social isolation in Brazil. The findings revealed that male academics – especially

those without children – are the least affected group, whereas Black women and

mothers are the most impacted groups. These impacts are likely a consequence of the

well-known unequal division of domestic labor between men and women, which has

been exacerbated during the pandemic. Additionally, our results highlight that racism

strongly persists in academia, especially against Black women. The pandemic will have

long-term effects on the career progression of the most affected groups. The results

presented here are crucial for the development of actions and policies that aim to avoid

further deepening the gender gap in academia.
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INTRODUCTION

As COVID-19 spreads around the globe, countries are facing
different degrees of lockdown and social distancing (World
Health Organization, 2020). In most affected countries, schools
and universities have shifted from in-person learning to online
classes and remote activities/work. The pandemic is also altering
the work dynamics of many academics and scientists, especially
parents of young children (Myers et al., 2020; Staniscuaski
et al., 2020), who face the additional challenge of balancing
remote work and domestic labor, which includes full-time
childcare responsibilities. Since the pandemic outbreak, editors
from a variety of respected scientific journals have warned the
scientific community of the decreasing number of manuscript
submissions authored by women despite the overall increase
in total submissions driven by male authors (Viglione, 2020).
The effect is even more striking for publications with women
as first authors (Vincent-Lamarre et al., 2020). The aim of this
study was to investigate whether gender, race and parenthood
are associated with academic productivity during the COVID-
19 pandemic.

The gender gap in science and academic careers is not new,
and it has been previously exposed in many ways, such as in
relation to career transitions (Lerchenmueller and Sorenson,
2018; Cardel et al., 2020), patent registration (Frietsch et al., 2009;
Whittington, 2011; Hunt et al., 2013) and publications (Brooks
et al., 2014). Additionally, high-status awards and positions
are less likely to be given to women in science (Lunnemann
et al., 2019), and a funding and salary gap is observed in
several countries (Shen, 2013; Valentova et al., 2017; James
et al., 2019), showing that gender equity in science is far
from being achieved. Despite good intentions, the patterns and
attitudes within academic settings work systematically against
women (MIT Committee on Women Faculty in the School of
Science, 1999). Often, merit-based systems of evaluation and
career advancement have led to gender inequalities in academia
(Krefting, 2003; van den Brink and Benschop, 2012). The top
positions of institutional hierarchies are dominated by men, the
gatekeepers who evaluate performance, which helps to maintain
the male perspective (Acker, 2006; Treviño et al., 2018).

There are several factors that contribute to the
underrepresentation of women in higher positions and leadership
in science, from gender stereotypes to conscious prejudice to
unconscious bias (Reuben et al., 2014; Gaston, 2015; Carli et al.,
2016). However, one major factor influencing women’s career
path in science is still an understudied topic: motherhood.
Mothers continue to struggle for a place in academic and
scientific landscapes (Isgro and Castañeda, 2015), and myths and
misunderstandings on this subject misdirect efforts and resources
intended to solve the problem (Verniers and Vala, 2018).
Williams and Ceci (2012), studying the impact of motherhood
on women’s careers, concluded that the effect of children on
women’s academic careers is so remarkable that it eclipses other
factors contributing to women’s underrepresentation in science.
According to Whittington (2011), in academia, mothers are
less likely to register patents than men and childless women,
and Kyvik (1990) found that women with children younger

than 10 years of age are considerably less productive than their
male counterparts. Sustaining a career while being a mother is
particularly challenging in highly masculinized areas, such as
in STEM (Herman and Lewis, 2012). For instance, it has been
shown that new parents (male and female) are significantly less
likely than their childless peers to remain in STEM full time after
their first child is born or adopted, with 23% of new fathers and
43% of new mothers leaving full-time STEM employment for
other types of work or leaving the labor workforce entirely (Cech
and Blair-Loy, 2019). The motherhood penalty in academia is
a worldwide issue, but the acknowledgment of the problem by
the academic community is very recent, and the development of
effective actions and policies toward solving it is rather scarce.
Gender-neutral policies that attempt to level the playing field
by adjusting measures of productivity to account for early child
rearing have been adopted in some institutions. However, such
policies have unintended consequences that can actually hurt
women (Antecol et al., 2018).

Remote work, when analyzed from the perspective of gender
roles, has been viewed as a way to perpetuate gender inequality, as
women usually carry the burden of both paid work and domestic
responsibilities (Sullivan and Lewis, 2001). This phenomenon
has been aggravated during the pandemic, as noted by Power
(2020). The results obtained by Lyttelton et al. (2020) suggest
that the unprecedented increase in telecommuting in response
to COVID-19 has the potential to exacerbate gender inequalities
in the formal labor market and the domestic division of labor,
particularly when daycares, childcare facilities, and schools are
facing extended closures. The gap in productivity between
academics with and without children is growing, since support
networks (i.e., schools and grandparents) were unavailable during
the pandemic and childcare, including children’s learning, is
most likely to be entirely parents’ responsibility. Garbe et al.
(2020) demonstrated that the majority of parents devoted
more than 1 h per day to supporting their child’s learning
while schools were closed. Childcare is a task predominantly
performed by women, including academics (Britton, 2014;
Jolly et al., 2014; Sallee et al., 2016). For instance, a recent
study found that mothers with young children have reduced
their work hours four to five times more than fathers who
worked with telecommuting during the pandemic (Collins et al.,
2020). The same scenario was observed in academia in a
study with American and European scientists, which showed
that female scientists and scientists with young children were
disproportionately affected in their time devoted to research
(Myers et al., 2020).

Racial issues intersect with gender and parenthood and
influence women’s representation in academia, where women
of color face a double bias and multiple challenges in a
racially stratified environment characterized by dysfunctional
racial and gender hierarchies of predominantly white institutions
(Gutiérrez y Muhs et al., 2012; Langin, 2019). Black female
academics represent a very small portion of the overall faculty
population, comprising only 2% of practicing scientists and
engineers (National Science Foundation, 2015) and of full-
time professors in research institutions (McFarland et al., 2019)
in the US, for instance. In Brazil, Black women account for
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only 3% of PhD supervisors (da Silva, 2010; Morcelle et al.,
2019). There are many reasons for this underrepresentation
of Black women in science, including systemic racism, lack of
representation and race-based stereotypes (McGee and Bentley,
2017). This is a major issue because diversity is a keystone for
building high-quality and innovative science (Nielsen et al., 2017;
Hofstra et al., 2020).

All of the evidence presented here reveals the urgency of
shedding light on the full picture of the pandemic’s impact
on the careers of female academics. It is expected that the
gender gap in productivity will increase after the pandemic,
but it is not clear whether mothers will be more impacted or
whether underrepresented groups in science, especially Black
women, will suffer a greater impact from pandemic-related
circumstances. Additionally, the identification of the impacts in
scientific communities in developing countries should be a top
priority behind the design ofmitigation policies aimed at building
more inclusive research capacities.

To contribute to this urgent discussion, we report herein the
impact of COVID-19-related social isolation on the academic
productivity of scientists in Brazil, focusing on the influences
of gender, parenthood, and race. We collected data via an
online survey broadly disseminated across Brazilian regions and
research institutions over a month-long period of social isolation.
The survey was completed by 3,345 scientists. For the purpose
of this study, academic productivity is regarded as the ability to
submit papers within a schedule and to meet overall deadlines in
the pandemic period. The design of the survey aimed to provide
a comprehensive assessment of the various elements of academic
productivity relevant to a wide range of knowledge areas and
research institutions.

MATERIALS AND METHODS

This project was approved by the Ethics Committee of the Federal
University of Rio Grande do Sul (CAAE 82423618.2.0000.5347).
The study was performed using an online survey that was
available for completion between April 22nd andMay 25th, 2020.
In this period, Brazilian day cares, schools, and universities had
been closed due to the COVID-19 pandemic since approximately
the second half of March.

Sample
This survey was posted on social media and was e-mailed to
universities and research centers based in Brazil. The snowball
sampling technique was also used, where existing study subjects
recruited future subjects from among their acquaintances. The
survey took approximately 5 min to complete. Participants who
failed to fully complete the questionnaire were excluded. The
final sample was composed of 3,345 individuals, distributed
throughout the country, of whom, the majority self-declared as
White (75.9%), are women (68.4%) and are parents (70.7%).

Survey Instrument
The questionnaire was specially developed to assess the impact of
COVID-19 pandemic on the productivity of researchers of both

genders with and without children. It consisted of 25 questions
collecting information about the researchers’ demographics
(country region, gender, and race), work setting (workplace
closure, remote activities, online teaching) and children care (see
a complete version of the questionnaire in the Supplementary

Material). Productivity was assessed by the researchers’ self-
reported ability to submit papers and meet deadlines during the
pandemic period.

Statistical Analysis
Data are presented as the percentage of respondents who were
able to submit papers as planned and to meet deadlines related to
grant/fellowship proposals and/or project/funding reports within
each analyzed group. Statistical analysis to test for differences
between groups (men and women; individuals with or without
children, also stratified by the age of the youngest child; different
races/ethnicities) was performed using a chi-squared test. Chi-
squared analysis was performed in R using the chisq.test function.
Pearson residual plots were generated with the corrplot package
(version 0.84). Finally, pairwise comparisons between groups
with statistically significant chi-squared tests were run with the
chisq.multcomp function of the R package (version 0.9 - 77)
using Bonferroni correction of p-values. The significance level
was set at 0.05.

RESULTS

A detailed description of the survey respondents is provided
in Table 1. The total sample size was 3,345 researchers,
predominantly women (68.4%). Higher rates of female
respondents in studies targeting university faculty members
have been previously reported (Smith, 2008). In Brazil, women
account for approximately 50% of the researcher population,
according to the last Brazilian National Council for Scientific and
Technological Development (CNPq) Census. The percentage
of respondents from each region in Brazil followed the same
pattern reported by the CNPq (6.3% from the North, 20.5%
Northeast, 7.7% Center-west, 42.5% Southeast and 22.9% South),
indicating that the sample of respondents is representative of
the general academic population. Respondents self-identified
as White (75.9%), 18.1% Black, 1.7% Asian, 0.2% Indigenous,
and 4% did not inform the race/ethnicity. Considering the
small percentage of Asians and Indigenous people, we only
included in the analysis Black and White respondents. Most of
the researchers have children: 33.8% have one, 30.2% have two,
5.8% have three, and 0.9% have four or more children.

Productivity during the pandemic was assessed by analyzing
self-reported data on manuscript submissions and the ability to
meet deadlines. We also evaluated how scientists perceived the
impact of the social isolation period on their productivity, as well
as their perceptions of factors that interfered with their remote
work routines. Regarding these perceptions, the researchers were
asked if there were any factors in their current situation that
impacted their remote work (e.g., childcare – routine care and/or
homework assistance, children with disabilities, elderly care, and
household chores).
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TABLE 1 | Characterization of the sample included in the study

(3,345 respondents).

General (%, n) Male (%, n) Female (%, n)

Gender 31.6 (1057) 68.4 (2288)

Race/Ethnicity§

White 75.9 (2540) 73.8 (780) 76.9 (1760)

Black 18.1 (606) 18.9 (200) 17.7 (406)

Asian 1.7 (58) 1.1 (12) 2.0 (46)

Indigenous 0.2 (7) 0.2 (2) 0.2 (5)

ND* 4.0 (134) 5.9 (63) 3.1 (71)

With children 70.7 (2366) 67.6 (715) 72.2 (1651)

Origin (Brazilian Region)+

North 6.2 (208) 6.3 (67) 6.1 (140)

Northeast 15.4 (515) 16.4 (173) 14.9 (342)

Center-west 8.7 (292) 10.0 (106) 8.1 (186)

Southeast 42.7 (1428) 38.9 (411) 44.4 (1016)

South 27.0 (904) 28.4 (300) 26.4 (604)

Academic Area£

Agricultural Sciences 7.1 (237) 8.8 (93) 6.3 (144)

Biological Sciences 20.9 (698) 19.9 (210) 21.3 (488)

Engineering 5.2 (175) 6.9 (73) 4.5 (102)

Exact and Earth Sciences 17.6 (589) 26.7 (282) 13.4 (307)

Health Sciences 19.1 (639) 12.7 (134) 22.1 (505)

Humanities 12.7 (426) 9.7 (103) 14.1 (323)

Linguistics, Language and Arts 4.4 (149) 2.8 (30) 5.2 (119)

Multidisciplinary 3.4 (113) 3.2 (34) 3.4 (78)

Social Sciences 9.6 (320) 9.3 (98) 9.7 (222)

General data are shown as percentages (%) of the total number of respondents.

Gender data are shown as percentages (%) of respondents of the same gender

(male or female).

The total number of respondents from each category is presented as (n).
§ Terminology follows the official Brazilian census and the Brazilian Institute of

Geography and Statistics (IBGE). Race/ethnicity categories are based on a skin

color continuum ranging from very fair to very dark skin. We adopt official IBGE

categories in the questionnaires: branca (White), preta (Black), parda, amarela

(Yellow: translated as Asian) and indigena (Indigeneous). In Brazil, there is a

common distinction between people who identify as Black (dark-skin Black people)

and parda (light-skin Black people). In all results presented in the report, the Black

category refers to both IBGE categories (preta and parda) together.

*Prefer not to disclose.
+The percentage of researchers for each region in Brazil, according to the

last Brazilian National Council for Scientific and Technological Development

(CNPq) Census, is 6.3% (North), 20.5% (Northeast), 7.7% (Center-west), 42.5%

(Southeast), and 22.9% (South).
£Academic area nomenclature according to the CNPq classification. According

to this, “Exact and Earth Sciences” include math, statistics, computer sciences,

astronomy, physics, chemistry, geosciences, and oceanography.

Manuscript Submissions During the
Pandemic Period
Among the survey respondents, only 13.6% stated they did not
have any manuscript being finalized for submission during the
time that social isolation took place, so data on manuscript
submission were analyzed excluding these respondents from
the dataset. Manuscript submission among male academics was
less affected by the pandemic circumstances than that among
women (Figure 1A), with a significant difference between men
and women (χ2 = 88.42, P < 0.0001). Positive associations
were observed between women and the non-submission of

FIGURE 1 | The impact of gender, parenthood and race on manuscript

submissions during the COVID-19 pandemic. For each figure, the graph on

the left-hand side represents the percentage of respondents who submitted

manuscripts as planned, while on the right-hand side, the correlation plot

shows Pearson’s chi-squared standardized residuals calculated for each

group. Positive residuals (blue) indicate a positive correlation, whereas

negative residuals (red) indicate a negative correlation. The size of the circle is

proportional to the cell’s contribution to the χ
2 score. (A) Gender effect on

submissions. (B) Parenting effect on submissions. (C) Race effect on

submissions.

manuscripts as well as between men and the submission of
manuscripts (Figure 1A). There was a significant effect of
parenthood on the submission of manuscripts (χ2 = 110.79,
P < 0.0001) (Figure 1B). There was a positive association
between women with children and the non-submission of
manuscripts. However, no association was observed for women
without children. The proportion of childless menwho submitted
manuscripts was higher than that of men with children
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(P < 0.01, Bonferroni post hoc test) (Figure 1B). Additionally, the
proportion of childless women who submitted manuscripts was
higher than that of women with children (P < 0.01, Bonferroni
post hoc test) (Figure 1B). There was no overall race effect (Black
vs. White researchers) on productivity during the pandemic
period with respect to submissions (χ2 = 2.29, p = 0.1304)
(Supplementary Figure 1), but there was a significant effect of
race and gender on the submission of manuscripts (χ2 = 91.01,
P < 0.0001) (Figure 1C). Positive associations were observed
betweenWhite men and the submission of manuscripts as well as
between both Black and White women and the non-submission
of manuscripts (Figure 1C).

There was a significant difference among groups of men (Black
with children, Black without children, White with children,
White without children) with respect to the submission of
manuscripts (χ2 = 10.93, P < 0.05) (Figure 2A). A negative
association between White men without children and the non-
submission of manuscripts was detected. The proportion of
childless White men who submitted manuscripts was higher
than that of White men with children (P < 0.05, Bonferroni
post hoc test) (Figure 2A). Additionally, there was a significant
difference among groups of women (Black with children, Black
without children, White with children, White without children)
with respect to the submission of manuscripts (χ2 = 16.43,
P < 0.001) (Figure 2B). There was a positive association
between White women without children and the submission of
manuscripts. The proportion of childless White women who
submitted manuscripts was higher than that of White women
with children (P < 0.01, Bonferroni post hoc test) (Figure 2B).
For Black women, there was no significant difference between the
groups with and without children.

Children’s age was also associated with productivity. There
was a significant difference between men and women depending
on the age of their youngest child with respect to the submission
of manuscripts (χ2 = 147.95, P < 0.0001) (Figure 2C). There
was a negative association between women whose youngest child
ranged from 1 to 6 years old and the submission of manuscripts.
The proportion of this group’s submissions was lower than that of
menwith children of the same age (P< 0.001, Bonferroni post hoc
test) (Figure 2C). Additionally, the proportion of submissions
observed for men whose youngest child’s age ranged from 7 to
12 were higher than that observed for women with children of
the same ages (P < 0.001, Bonferroni post hoc test) (Figure 2C).

Ability to Meet Deadlines
The respondents were asked whether the pandemic situation
impacted how they met deadlines. There was a significant
difference between men and women (χ2 = 21.73, P < 0.0001)
regarding the ability to meet deadlines during the pandemic
(Figure 3A). Positive associations between women and the
failure to meet deadlines and between men and the ability
to successfully meet deadlines were observed (Figure 3A).
Parenthood was significantly associated with the ability to meet
deadlines (χ2 = 55.33, P < 0.0001) (Figure 3B). Positive
associations betweenwomenwith children and the failure tomeet
deadlines and between men without children and the ability to
successfully meet deadlines were detected. There was a significant

difference (P < 0.0001, Bonferroni post hoc comparison) between
the proportions of women and men with children who met
deadlines (Figure 3B). Moreover, the proportion of women
without children who met deadlines was higher than that
of women with children (P < 0.0001 Bonferroni post hoc
comparison) (Figure 3B). There was no overall correlation of
race (Black vs. White researchers) with productivity during the
pandemic period in relation to meeting deadlines (χ2 = 0.06,
p = 0.7956) (Supplementary Figure 1). There was a significant
association of race and gender for meeting deadlines (χ2 = 21.39,
P < 0.0001) (Figure 3C). A significant difference was observed
between the proportions of White men and White women who
met deadlines (P < 0.0001, Bonferroni post hoc comparison).

There was no significant difference between groups (Black
with children, Black without children, White with children,
White without children) among men (χ2 = 5.15, P = 0.1611)
(Figure 4A), but there was a significant difference among groups
of women (Black with children, Black without children, White
with children, White without children) with respect to meeting
deadlines (χ2 = 20.62, P < 0.01) (Figure 4B). There was a
negative association betweenWhite women without children and
the failure to meet deadlines. The proportion of childless White
women who met deadlines was higher than that of White women
with children (P < 0.001, Bonferroni post hoc test) (Figure 4B).
There was no significant difference between the proportions of
Black women without children and Black women with children
who met deadlines (Bonferroni post hoc comparison).

Children’s age also influenced the ability to meet deadlines,
as observed for manuscript submission. There was a significant
difference between men and women depending on the age of
their youngest child (χ2 = 83.37, P < 0.0001) (Figure 4C).
The proportion of women with children who were able to
meet deadlines was lower than men with children that met the
deadline, regardless of the age of the youngest child (P < 0.01 for
all comparisons, Bonferroni post hoc test) (Figure 4C).

Impact of Remote Work on Productivity
Respondents were asked to evaluate how the period of institution
closures and the imposed adaptation to remote work had affected
their productivity (indicating whether the impact was negative,
non-existent or positive). The intersection between race, gender
and parenthood was analyzed considering how respondents self-
reported the impact of remote work on their productivity. The
majority (69.4%) of respondents stated that they had felt a
negative impact on their productivity, while only 16.2 and 14.4%
reported positive or no impacts, respectively.

There was a significant difference between the way men
and women perceived the impact of the pandemic on their
productivity during the social isolation period (χ2 = 61.06,
P < 0.0001) (Figure 5A). We observed a statistically significant
positive association of men and the perception of no impact
in productivity, and between women and a negative impact in
productivity. There was a significant difference between men and
women who perceived a positive impact (P < 0.001, Bonferroni
post hoc test). Parenthood influenced the way respondents
perceived the impact of remote work on their productivity
(χ2 = 127.56, P < 0.0001) (Figure 5B), especially for women.
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FIGURE 2 | The influence of race, gender, parenthood, and youngest child’s age on the submission of manuscripts as planned during the COVID-19 pandemic.

Left-hand panels show the percentage of men or women, Black or White, who submitted manuscripts as planned (A,B) and the percentage of men or women who

submitted manuscripts as planned, according to the youngest child’s age (C). The right-hand panels show the correlation plot with Pearson’s chi-squared

standardized residuals calculated for each group. The color of the circles indicates a positive correlation (blue) or negative correlation (red), and the size of the circles

is proportional to the cell’s contribution to the χ
2 score. (A) Effect of race vs. parenthood for men on submissions. (B) Effect of race vs. parenthood for women on

submissions. (C) Effect of the youngest child’s age vs. gender on submissions.

There was a positive association between women with children
and a negative impact (P < 0.0001), but this association was not
observed for men with children. Race was also related to the
way respondents perceived the impact of remote work on their
productivity (χ2 = 62.63, P < 0.0001) (Figure 5C). White men
reported a negative impact less frequently than Black men and
Black and White women (P < 0.001, Bonferroni post hoc test for
all comparisons).

Parenthood influenced the self-reported impact of the
pandemic for White and Black men (χ2 = 26.15, P < 0.0001)
(Figure 6A) and for White and Black women (χ2 = x 46.65,
P < 0.0001) (Figure 6B). When the analysis considered all

intersections between gender, parenthood and race, there was
a significant difference between White and Black men with
children who felt a negative impact and White and Black men
without children, respectively (P < 0.001, Bonferroni post hoc
test). There was a positive association between White men
without children and a positive impact on productivity, and this
association was weaker for Black men without children. There
was a significant difference between White and Black women
with children and White and Black women without children
(P < 0.001, Bonferroni post hoc test), but there was no difference
between Black and White mothers with respect to the impact on
their productivity.
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FIGURE 3 | The impact of gender, parenthood and race on meeting deadlines

during the COVID-19 pandemic. For each figure, the graph on the left-hand

side represents the percentage of respondents who submitted manuscripts

as planned, while on the right-hand side, the correlation plot shows Pearson’s

chi-squared standardized residuals calculated for each group. Positive

residuals (blue) indicate a positive correlation, whereas negative residuals (red)

indicate a negative correlation. The size of the circle is proportional to the cell’s

contribution to the χ
2 score. (A) Gender effect on meeting deadlines.

(B) Parenthood effect on meeting deadlines. (C) Race effect on meeting

deadlines.

Respondents’ Perception of the Factors
Impacting Their Remote Work Routines
During the Pandemic
The respondents were asked to list any factors in their current
situation that impacted their productivity during remote work.
Among respondents with children, domestic labor was perceived
as a factor influencing remote work for 88.7% of Black mothers,
86.1% of White mothers, 78.4% of Black fathers and 70.0% of

White fathers. The routine care of children was more commonly
a factor listed by women (80.2 and 80.1% of Black and White
mothers, respectively) than by men (69.6 and 61.5% of Black and
White fathers, respectively). All groups listed children’s school
activities as a factor perceived as influencing remote work: Black
mothers (48.8%), White mothers (46.1%), Black fathers (43.2%)
and White fathers (39.6%). The care of family members (other
than their own children) was listed by 18.8 and 15.5% of Black
and White mothers, respectively, and by 9.5 and 12.5% of Black
and White fathers, respectively. For all groups of respondents
with children, mental health issues were uncommonly (less than
1.7%) perceived as influencing their remote work at the time the
survey was conducted.

Among childless respondents, 76.3% of Black women and
71.9% of White women perceived domestic labor as influencing
their remote work routines, compared to 62.1 and 65.2% of Black
and White men, respectively. The care of family members was
more commonly among the factors listed by women (32.2 and
29.4% for Black and White women, respectively) than by men
(22.7 and 22.5% for Black and White men, respectively). Mental
health issues were listed by 7.9% of Black women, 9.4% of White
women, and 4.5% of both Black and White men.

DISCUSSION

Our results suggest that gender, parenthood and race are
associated with the ability to submit manuscripts and to meet
deadlines during the pandemic period. Nevertheless, not all
scientists are affected in the same way: White mothers and
Black females, regardless of whether they are mothers, are
the groups taking the strongest hit in academia. Our study
is the first to provide conclusive data on the main forces –
race and motherhood – driving the productivity imbalance
in science during the pandemic. Our results for the Brazilian
context echo those of studies based on the US context showing
that working mothers, including those in academia, might be
disproportionately affected by the COVID-19 crisis (Alon et al.,
2020; Wenham et al., 2020). This exacerbated disparity during
the pandemic reflects the historical inequality between the careers
of men and women.

Data from before the pandemic indicate that women spend
significantly more time on household labor and chores than
men (Bianchi et al., 2012), including women in scientific careers
(Gupta et al., 2005; Jolly et al., 2014) in diverse cultures of
India, Germany and the United States. On average, women
spend two more hours (5.7 h) each day than men (3.6 h) on
caretaking, cleaning, cooking, and doing other domestic work
in the United States (Hess et al., 2020). In Brazil, men spend
10.5 h per week on similar activities, caring for children or doing
other chores, while women devote 18.1 h per week (nearly 73%
more than men) on these tasks (IBGE, 2018). This unbalanced
division of domestic tasks between men and women has a huge
impact on women’s careers, including employment and economic
costs, as many caregivers cut back on the time spent in paid
work (Lilly et al., 2007). The reduced time dedicated to the paid
workforce leads to fewer opportunities for advancement, since a
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FIGURE 4 | The influence of race, gender, parenthood, and youngest child’s age on meeting deadlines during the COVID-19 pandemic. Left-hand panels show the

percentage of men or women, Black or White, who were able to meet deadlines (A,B) and the percentage of men or women who met deadlines, according to the

youngest child’s age (C). The right-hand panels show the correlation plot with Pearson’s chi-squared standardized residuals calculated for each group. The color of

the circles indicates a positive correlation (blue) or negative correlation (red), and the size of the circles is proportional to the cell’s contribution to the χ
2 score.

(A) Effect of race vs. parenting for men on meeting deadlines. (B) Effect of race vs. parenthood for women on meeting deadlines. (C) Effect of the youngest child age

vs. gender on meeting deadlines.

“successful position” in leadership roles often involves working
long hours. These more limited opportunities for promotion can
contribute to the gender gap, especially at the height of women’s
careers. Considering the maternity penalty in particular, women
can suffer a decrease in work productivity after the birth of
their children in different countries and cultures (Gallen, 2018;
Machado et al., 2019). As a result, an increase in the gender
gap after motherhood occurs in many fields (Angelov et al.,
2016; Hardoy et al., 2017; Kleven et al., 2019; Collins et al.,
2020), including academia, where mothers in the United States,
spend 8.5 more hours per week on parenting or domestic tasks
and less time on research than fathers (Mason and Goulden,
2004; Jolly et al., 2014). Women academics in the United States.
also take on tasks such as waking up during the night and
staying at home to care for a sick child (Rhoads and Rhoads,

2012). This asymmetrical division of parenting and domestic
tasks can be reflected in a decrease in the number of annual
scientific publications by Brazilian academic women (Machado
et al., 2019), thus affecting the career progression of mothers
in academia. Other significant barriers to women’s progress
include gender stereotypes and implicit gender bias, which are
invisible and powerful forces preventing women from advancing
in their careers. The stereotype that women are less competent
and less hirable than men (Moss-Racusin et al., 2012; Reuben
et al., 2014; Eaton et al., 2020) creates unfair disadvantages
for women scientists, including lower salaries and less career
mentoring (Moss-Racusin et al., 2012). For instance, among
articles published in Nature research journals, only 18.1% have
women as senior authors (last authorship), and the higher the
journal’s impact index is, the smaller the number of women
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FIGURE 5 | The effect of gender, parenthood and race on the self-reported impact of the remote work regimen on productivity. For each figure, the graph on the

left-hand side represents the percentage of respondents who reported negative, no or positive impacts, while on the right-hand side, the correlation plot shows

Pearson’s chi-squared standardized residuals calculated for each group. Positive residuals (blue) indicate a positive correlation, whereas negative residuals (red)

indicate a negative correlation. The size of the circle is proportional to the cell’s contribution to the χ
2 score. (A) Gender effect on self-reported impact.

(B) Parenthood effect on self-reported impact. (C) Race effect on self-reported impact.

listed as the principal author (Bendels et al., 2018). Importantly,
however, the number of articles published with women listed as
the first author increases when articles are reviewed anonymously
(Budden et al., 2008). In terms of obtaining research funding,
the effects of the implicit gender bias against women are also
substantial. Women in Sweden need to author twice as many
publications to obtain the same scientific competence score as
men to obtain a postdoctoral position (Wenneras and Wold,
1997). A study revealed that men obtain more funding renewals

than women considering funding provided by the National
Institutes of Health in the United States (Pohlhaus et al., 2011).

During the COVID-19 pandemic, several factors that
have historically promoted gender inequalities, such as those
mentioned above, appear to have increased. For instance,
Andersen et al. (2020) argue that the school closures and
distancing requirements that have disrupted both work and
family life for many people may not have influenced men and
women researchers equally. Similarly, female academics based
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FIGURE 6 | The influence of race, gender and parenthood on the self-reported impact of remote work regimen on productivity. Left-hand panels show the

percentage of men or women, Black or White, who reported negative, no or positive impacts. The right-hand panels show the correlation plot with Pearson’s

chi-squared standardized residuals calculated for each group. The color of the circles indicates a positive correlation (blue) or negative correlation (red), and the size

of the circles is proportional to the cell’s contribution to the χ
2 score. (A) Effect of race vs. parenthood for men on self-reported impact. (B) Effect of race vs.

parenthood for women on self-reported impact.

on the United States and Europe “reported larger declines
in the time they could devote to research than their male
colleagues during the pandemic” (Myers et al., 2020), which,
according to the authors, will likely continue to evolve and have
longer-term impacts on science. In trying to explain the gender
gap found in the pandemic’s effects on publishing, Viglione
(2020) says that female faculty usually carry more teaching
responsibilities, so the sudden shift to online teaching has affected
them disproportionately. Malisch et al. (2020) suggest that the
transition to remote teaching, changes in grading systems, the
loss of access to research resources, and shifts in household
labor, childcare and eldercare are ways in which COVID-19
is amplifying known barriers to women’s career advancement
(Malisch et al., 2020). Early career bias has also been proposed
as an explanation for the lower paper submission rates of women
in academia during this period (Andersen et al., 2020; Viglione,
2020); the early career period aligns with the reproductive

age of these women (Morgan, 2015). Not surprisingly, our
results showed that children’s age had an impact on Brazilian
academic mothers’ productivity during the pandemic. Young
children require much more attention and care, and parents
face additional demands related to having time to homeschool
children during the social isolation period. Indeed, studies carried
out in the United States and Europe showed mothers with young
children reported a reduction in work hours (Collins et al., 2020;
Myers et al., 2020). The smaller number of hours dedicated to
research likely reduces the paper submission rate among women,
which we have in fact demonstrated. Additionally, as stated by
Malisch et al. (2020), the burden is even heavier for women who
face intersecting systems of oppression, for example, ethnicity
and race.

Gender inequality intersects with the racial profile of
academics. Indeed, Black women are greatly underrepresented in
science in the United States (McGee and Bentley, 2017). Our data
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confirmed that it also occurs in Brazil, showing that Black female
academics, regardless of the motherhood factor, are the group
most affected by the pandemic circumstances. Interestingly, the
productivity of White women without children was not affected
as much as that of Black women without children, but in both
groups, the effect was higher than that observed for childless men,
regardless of race. One possible explanation for this finding is
that women, particularly Black women, have less social network
support than men, which can negatively influence their career
trajectory (Feeney and Bernal, 2010; Collins and Steffen-Fluhr,
2019). Black women frequently experience isolation and a sense
of “not belonging” (Ong et al., 2018). As proposed by Smith
et al. (2007), feelings of isolation and not belonging can elicit
“racial battle fatigue” in Black women, i.e., the “cumulative result
of a natural race-related stress response to distressing mental
and emotional conditions” that adversely impacts the health and
accomplishments of Black people (Smith et al., 2007; Corbin
et al., 2018). Black women eschew academic careers altogether
or exit the academy prior to tenure decisions because they
experience social isolation, an unwelcoming environment, bias,
and hostility (Trower and Chait, 2002). In academia, networks
play a direct role in career success through employment,
publication, and conference opportunities, and they can also
have less direct impacts, such as by positioning researchers
closer to burgeoning research trends, which allows them to
work with the most recent data (Heffernan, 2020). The reasons
behind the pronounced impact of the pandemic on Black female
researchers’ productivity, regardless of motherhood, are still
debatable; however, the lack of professional networks due to
structural racism might play a central role since the challenges
of networking can be exacerbated during the pandemic. Working
from home poses unique authenticity challenges for Black people,
especially Black women, whose colleagues now have windows
into their personal lives that could amplify portrayals of them
as the “other.” This is because “professionalism” is coded by
white middle-/upper-social-class standards and Black workers
are disproportionately affected by judgments of professionalism
and cultural fit (Roberts and McCluney, 2020). Besides, Black
patients still die far more frequently thanWhite patients in Brazil
(Peres et al., 2021), and Black women are overloaded on the
responsibilities for extended family members, including financial
responsibilities in the United States (Black et al., 2009).

Although we were able to confirm the association between
the COVID-19 pandemic and the lower productivity of women
scientists observed in previous studies (Andersen et al., 2020;
Myers et al., 2020; Viglione, 2020), our study has some drawbacks
that need to be acknowledged. The first concerns the snowball
methodology used, which has a sample bias, as study subjects
recruit future subjects among their acquaintances. This limitation
does not prevent the use of the snowball methodology for a
considerable number of studies (see Noy, 2008; Christopoulos,
2009); however, to minimize this problem, we sent emails to
all Brazilian graduate programs registered in the Coordination
for the Improvement of Higher Education Personnel (CAPES)
database, requesting that they share the invitation to participate
in the survey with researchers. With these efforts, we obtained a
good fit between the number of responses to our questionnaire

and the distribution of scientists from different regions of Brazil
(see the section “Results”). Therefore, we believe that our results
are, to a certain extent, representative of the geographic regions
of Brazil. The second limitation is the bias generated by the
number of women respondents, who comprised close to 70% of
our sample. This bias seems to be a general effect in this type
of study, since women are more responsive to online research,
regardless of the purpose of the study (Smith, 2008). Additionally,
we obtained a good number of responses for all groups analyzed,
since our sample size was relatively large.

In summary, our findings revealed that female academics,
especially Black females and mothers (regardless of race), are
absorbing the greatest costs of the pandemic. This fact could
lead to an unprecedented increase in both gender and race gaps
in science. The situation we are facing during the pandemic
demands actions from our institutions, and academia should
foster a discussion about policies to benefit Black scientists and
academics with families in the post-pandemic context.

The short-run challenges posed by the crisis are severe,
especially for single mothers and other families with a lack
of ability to combine work with caring for children at home
(Alon et al., 2020). Ensuring that women’s academic output is
not disproportionately affected by COVID-19 might safeguard
women’s career trajectories (Gabster et al., 2020) and affect the
overall science landscape. Our study strongly recommends the
implementation of policies and actions to mitigate this reality,
such as those proposed by Cardel et al. (2020) and Hipólito
et al. (2020). The international academic community needs
flexibility in institutional policies from research institutions and
funding agencies, such as the postponement of deadlines for
grant proposals and reports. This is especially important in
cases where researchers had caregiving responsibilities during
the pandemic. Extending deadlines does not require much
investment in terms of public funding and can have a positive
impact in allowing people with reduced time dedicated to work
to still apply and compete for research grants. Furthermore,
funding agencies should consider creating grants designed to
benefit Black scientists and academics with families. Actions such
as these would reward the most underrepresented and vulnerable
groups. It is important to avoid an increase in gender and racial
differences after the pandemic. Immediate actions to mitigate the
weight women are carrying during the pandemic period include
allowing flexible working arrangements, where administrative
activities and teaching schedules are carried out by colleagues
with more flexibility, and, where possible, not holding meetings
during times that conflict with homeschooling hours. Another
important point is to create an infrastructure for family care
in academic spaces while schools and daycare centers remain
closed. This is an issue that should be openly discussed within
departments, and collective solutions should be built to reduce
the foreseen amplification of the gender gap. Additionally, in a
broader sense, evaluations of manuscripts for publication and
career assessments should prioritize race and gender equity,
especially when the timeframe for evaluations includes 2020 and
2021. The COVID-19 CVMatrix proposed by Arora et al. (2020)
is a framework that can enable faculty members to account for
their contributions, disruptions, and caregiving responsibilities
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and can provide promotion and tenure committees a better
way to fairly evaluate faculty members during the pandemic
period. In times of growing compassion, we invite the entire
scientific community to make science more diverse and fairer
after the pandemic.
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