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[T I N R

Abstract: The impact of the COVID-19 pandemic on work-life balance may be unequal between
female and male scientists. Further information is needed regarding whether the working conditions
and career satisfaction for women and racialized scientists are disproportionately affected by the
pandemic. This online survey collected data from 1171 scientists in science, technology, engineering,
mathematics (STEM), and medicine (STEMM), public health, or other areas of science/engineering
working in the US to examine potential disparities in changes in work hours and career satisfaction
by gender and race/ethnicity. A significantly higher percentage of women reported increased work
hours compared to men. Women, especially racialized women, experienced disproportionately higher
increases in teaching and service than the other groups, which contributed to the increased total work
hours for women. Satisfaction with the current career progress was lowest for racialized women
compared to their counterparts. Our results indicate that the pandemic has inequitably affected
allocation of workloads and career satisfaction by gender and race in scientific fields. Institutions of
higher education and other research organizations should acknowledge the gender/race differences
in science before and during the pandemic to better support the career development and achievement

of all scientists, especially women and even more so racialized women.
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1. Introduction

Sex and gender differences in career development and promotion have been recog-
nized in science and other academic fields for many decades (Collins et al. 2021; King and
Frederickson 2021; Bailyn 2003). Universities and other institutions of higher education
have long had gendered breakdowns of academics and faculty (Yildirim and Eslen-Ziya
2021). The importance of publications and citations for tenure assessment has benefit-
ted male academics who have higher publications and citations than women on average
(Aksnes et al. 2011). Furthermore, research has demonstrated structured gender discrimi-
nation in grant funding success based on the male favoritism held by grant reviewers of
scientific proposals, resulting in lower grant acquisition rates for women (Sato et al. 2021).
Traditionally, gendered division of labor in society has contributed to these systematic
gender differences in academia (Yildirim and Eslen-Ziya 2021). The “motherhood penalty”
indicates lower salary and career development resulting from inequitable and dispropor-
tionate divisions of childcare responsibility for women (Malisch et al. 2020). Women with
children are likely to allocate a smaller portion of their work hours to research, whereas
the time allocation for men is less likely to be affected by parental status due to smaller
responsibilities for childcare needs (Winslow 2010; Denson and Szelényi 2022). The higher
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responsibility for childcare and domestic work for women, in addition to the gendered
expectation in academia for women scientists, can also reduce the time for professional
meetings, work-related travel, and networks for women (Cardel et al. 2020; Denson and
Szelényi 2022), which can lead to exclusion of women from networks contributing to
publishing success (Clancy 2020; Toutkoushian and Bellas 1999).

Recent studies have suggested that the COVID-19 pandemic worsened the existing
gender differences for scientists in institutions of higher education by disproportionately
affecting the work environment and working conditions between men and women (Gorska
et al. 2021; Brown et al. 2021; Yildirim and Eslen-Ziya 2021). The pandemic has caused
unprecedented changes to scientific/academic work (e.g., closure of laboratories and
research infrastructure, and transition to online teaching) (Pereira 2021), as well as the
more general pandemic-related stressors such as childcare. Studies have demonstrated
that higher-education institutions have adapted to the pandemic by implementing online
courses, remote working, and new policies for physical access to campus, and extending
tenure assessment for faculty (De Boer 2021; Jung et al. 2021; Yang and Huang 2021).
Nonetheless, these policies did not always ensure equal support between men and women
scientists. Studies found that “working from home” blurred the boundary between work
and family, and exacerbated gendered divisions of duties within the household between
men and women (Yildirim and Eslen-Ziya 2021). Caregiving activities diverted a substantial
portion of the hours that women faculty with children could use for academic activities
compared to male faculty or female faculty without children (Mason and Goulden 2004;
Jacobs 2004).

Academics, especially women, responsible for children and other dependents were
the most impacted group in terms of their capability to work under the pandemic and
mitigation measures (Gorska et al. 2021; Korbel and Stegle 2020; Nash and Churchill
2020). Although results are not perfectly consistent, many studies found relatively lower
publication records for peer-reviewed journal articles and preprint archives for women
compared to men since the beginning of the pandemic in various fields (Nash and Churchill
2020; Abramo et al. 2022; Bell and Fong 2021; Pereira 2021).

The term “intersectionality” refers to “the interaction between gender, race, and other
categories of difference in individual lives, social practices, institutional arrangements,
and cultural ideologies and the outcomes of these interactions in terms of power” (Davis
1981, 2008; Crenshaw 1989, 1991). The introduction of this term to the literature in 1989
was to initially note the need to consider both gender and race in shaping the multiple
dimensions of Black women’s experiences in the United States (US) (Davis 2008; Harris
and Patton 2019). Racialized women scientists experience both sexism and racism as
intersecting systems of oppression and inequality (Samuel 2005; Ng 1994). Racialization
refers to social construction or stratification that structures economic, political, social, and
ideological levels by racial categories or races (Bonilla-Silva 1997). The term “racialized”
here indicates all people that are non-Caucasian in race or non-White in color. Racialized
faculty members, especially racialized women, experience interceptional discrimination in
relation to teaching, funding, research, and tenure assessment as they are more rigorously
evaluated than other faculty members by students and administrators (Samuel 2005; Croom
2017). The impacts of the COVID-19 mitigation measures (e.g., stay-at-home order) on
scientific/academic productivity would be even greater for racialized academics and
women who face intersecting systems of oppression based on race and ethnicity (Gorska
et al. 2021).

A few recent studies examined the intersection of gender and racial disparities during
the COVID-19 pandemic in science. For example, a survey study found that the number
of faculty members who were able to submit manuscripts as planned within deadlines
during the pandemic was lowest for Black women (47.3%) and highest for White men
(63.2%), compared to White women (50.1%) or Black men (63.2%) (Staniscuaski et al.
2021), indicating that racialized academics/faculty are more vulnerable to the impacts
of the pandemic on work productivity. Despite the use of intersectionality as a concept
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for understanding racial, ethnic, and gender disparities and inequality across various
academic disciplines (Bailyn 2003), the body of literature on the intersecting racial and
gender disparities in the impacts of COVID-19 on scientists is far smaller than that on
gender disparities to date. Furthermore, the evidence of racial disparities of the COVID-19
impacts within the same gender category is comparatively scarce.

Practices in workload divisions and promotion assessments can aggravate gender
and racial gaps in academia (Sutherland et al. 2022). Women faculty members generally
have slightly more work hours per week than men faculty members, although results for
the differences in hours for work between men and women faculty members vary across
institutions and fields (Winslow 2010; Anders 2004). Studies of faculty members have
frequently noted heavier loads for teaching and service, with adverse consequences for
research productivity, grant applications, and tenure, for women and racial/ethnic minority
faculty members (Baez 2000; Hirshfield and Joseph 2012; Toutkoushian and Bellas 1999;
O’Meara et al. 2017). Guidance for racialized students is often more assigned to racialized
faculty members, which results in higher workloads and time for mentoring and service
and less time to focus on scholarship (Frazier 2011). Equitable and adequate allocation
of various work forms among academics is also important for career satisfaction (Eagan
and Garvey 2015). However, gender and racial differences in workload divisions may
have been aggravated during the pandemic. During the COVID-19 pandemic, the demand
for emotional and psychological support for students grew significantly (Gorska et al.
2021), implying significant increases in time for service-related work in higher-education
institutions. Under the current faculty assessment system in the United States (US), research
and publishing tend to reward faculty members more greatly than teaching and service
for many institutions (Toutkoushian and Bellas 1999). Hence, the increased workload for
the service-related work during the pandemic may leave fewer hours for other forms of
academic work (i.e., research and teaching) for female and racialized faculty members
and may not be recognized as the most valued work output in performance or tenure
assessment processes during and after the pandemic. However, to date, little is known
about how time use and allocation for work by gender and race/ethnicity were affected
specifically during the pandemic.

In October—December 2021, during the pandemic, we conducted an online survey in
six languages about the impact of the pandemic on academic/scientific working conditions
of male and female scientists in science, technology, engineering, mathematics (STEM) and
medicine (STEMM), public health, or other areas of science/engineering. This study exam-
ined how the changes in the number of hours devoted to work and self-reported COVID-19
impacts on career differ by gender and race/ethnicity among scientists. Summaries of this
survey are presented elsewhere with analysis of the responses related to mental health and
wellbeing and thematic qualitative analysis (blind citation); in the current paper, we focus
specifically on exploring differences in work hours and career satisfaction by race/ethnicity
and gender for the subset of respondents who were from the US, which was the most
represented country and the country with the most diversity in terms of race/ethnicity
(blind citation).

2. Materials and Methods
2.1. Participants

We designed a survey questionnaire in six languages (English, Portuguese, Spanish,
Mandarin Chinese, Korean, and Japanese) that asked questions related to the changes in the
number of hours devoted to work and the degree of satisfaction for career progress. We tar-
geted scientists who work in research at an educational institution (e.g., university/college),
government agency, industry, and other institutions for science, technology, engineering,
and mathematics (STEM), medicine, public health, or other areas of science/engineering.
This article presents analysis based on survey respondents from the US to explore differ-
ences by race/ethnicity for this subset of the respondents.
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Of the total participants (N = 1171), 48.2% self-identified as male, 50.2% self-identified
as female, and 1.6% self-identified as other (Table 1), compared to the US Census values
of 53% male and 46% female. Participants self-identified as non-Hispanic White (74.6%),
non-Hispanic Black (1.2%), Hispanic (4.0%), non-Hispanic Asian (15.0%), and non-Hispanic
other single race (2.9%). Non-Hispanic multi-race was selected by 2.3% of the participants.
These distributions are roughly similar to those of full-time faculty at US degree-granting
postsecondary institutions at 75% White, 6% Black, 6% Hispanic, and 12% Asian (Hussar
et al. 2020), although we had lower participation for Black and Hispanic scholars. The
percentage of total US-born participants was 70.9%. The percentage of foreign participants
was 78.9% for Asians, 14.3% for Blacks, 61.7% for Hispanics, 17.3% for Whites, and 32.2%
for other race/ethnicity groups. Supplementary Figure S1 shows the distribution of study
participants and US faculty by race/ethnicity and gender. By discipline, the largest group
of participants was in medicine/public health /health science (N = 552, 47.1%). Of the total
participants, 477 (40.8%) had children (age < 18 years) living at home. The percentages
of participants living with children (age < 18 years) were similar between men (N = 226,
40.1%) and women (N = 246, 41.8%). About 79.8% (N = 935) of participants were married
or living with a partner. The percentage of marriage or living with a partner was higher in
men (N =472, 83.6%) than in women (N = 455, 77.4%).

Table 1. Characteristics of survey participants (N = 1171).

Total Men Women Other
N (%) N (%) N (%) N (%)
Gender
Men 565 (48.2) - - -
Women 588 (50.2) - - -
Other 18 (1.6) - - -
Race/ethnicity P
Single race
White NH 872 (74.6) 419 (74.3) 444 (75.6) 9 (50.0)
Black NH 14 (1.2) 5(0.9) 9 (1.5) 0 (0.0)
Hispanic 47 (4.0) 20 (3.5) 25 (4.3) 2 (11.1)
Asian NH 175 (15.0) 92 (16.3) 82 (14.0) 1(5.6)
Other NH 2 34 (2.9) 19 (3.4) 11 (1.9) 4(22.2)
Multi-race NH 27 (2.3) 9 (1.6) 16 (2.7) 2 (11.1)
With children (age < 18 years) living at
home
Yes 477 (40.8) 226 (40.1) 246 (41.8) 5(29.4)
No 692 (59.2) 338 (59.9) 342 (58.2) 12 (70.6)
Marital status
Single (never married) 144 (12.3) 59 (10.4) 79 (13.5) 6 (33.3)
var trll\gfmed/ living together witha o35 79 8y 470 (83.6)  455(77.4) 8 (44.4)
Divorced/separated /widowed 72 (6.1) 29 (5.1) 42 (7.1) 1(5.6)
Unknown 20 (1.7) 5(0.9) 12 (2.0) 3 (16.7)
Field
Agriculture 50 (3.1) 31(3.7) 19 (2.5) 0(0.0)
Astronomy 10 (0.6) 8 (0.9) 2(0.3) 0 (0.0)
Biology 317 (19.4) 174 (20.6) 140 (18.3) 3 (11.1)
Chemistry 68 (4.2) 48 (5.7) 19 (2.5) 1(3.7)
Computer 40 (2.4) 29 (3.4) 11 (1.4) 0 (0.0)
Engineering 90 (5.5) 64 (7.6) 25(3.3) 1(3.7)
Environmental science 100 (6.1) 63 (7.5) 33 (4.3) 4(14.8)
Geology 18 (1.1) 10 (1.2) 7 (0.9) 1(3.7)

Mathematics 62 (3.8) 37 (4.4) 24 (3.1) 1(3.7)
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Table 1. Cont.

Total Men Women Other
Medicine/public health 552 (33.7) 221 (26.2) 323 (42.2) 8 (29.6)
Multidisciplinary 101 (6.2) 48 (5.7) 49 (6.4) 4(14.8)
Physics 52 (3.2) 40 (4.7) 12 (1.6) 0(0.0)
Zoology 29 (1.8) 17 (2.0) 12 (1.6) 0 (0.0)
Other 148 (9.0) 55 (6.5) 89 (11.6) 4(14.8)

Position

Assistant professor 221 (18.9) 75 (13.3) 143 (24.3) 3 (16.7)
Associate professor 221 (18.0) 81 (14.3) 126 (21.4) 4(22.2)
Professor 366 (31.3) 230 (40.7) 132 (22.4) 4(22.2)
Postdoc 85 (7.3) 41 (7.3) 43 (7.3) 1(5.6)
Researcher 186 (15.9) 91 (16.1) 92 (15.6) 3(16.7)
Dean 20 (1.7) 11 (1.9) 9 (1.5) 0(0.0)
Instructor 22 (1.9) 11 (1.9) 11 (1.9) 0 (0.0)
Other 58 (5.0) 25 (44) 32(54) 1(5.6)
Unknown 2(0.2) 0(0.0) 0(0.0) 2(11.1)

2: American Indian, Alaska native, native Hawaiian, Pacific Islander, or other indigenous races. NH = non-
Hispanic. P: Multiple choices were allowed among the answers.

2.2. Procedure

Our survey was sent via email to scholars who published research articles registered
at Scopus and PubMed during 2017-2021, and the survey collected responses from 5
October through 31 December 2021. This approach was based on published research
using this method (Deryugina et al. 2021). The survey also recruited participants via
advertisements on social media (Facebook and Instagram), which directed persons who
clicked the link on social media to our questionnaire. The survey was anonymous (no
collection of personal information). The first survey was an online informed consent
form including the information for the research objectives, potential risks and benefits
to participants, anonymity, research approval institution, and contact information of the
researchers. The remainder of the survey questionnaire was only shown to the participants
who agreed to this online informed consent form. Therefore, written informed consent
was obtained from all participants. The survey was designed to take 10-15 min for the
participants to complete on average.

2.3. Material

As a first step, we designed an original survey questionnaire in English. Then, re-
searchers whose English is excellent translated the English version survey into their native
languages including five languages (Portuguese, Spanish, Mandarin Chinese, Korean, and
Japanese). Study participants were provided with all language options and could choose
the language they prefer.

The survey questionnaire asked a wide range of information including the field
of study, country of residence, sex/gender, race/ethnicity, status as a parent of one or
more children aged <18 years, type of institution, highest-educational degree, number of
years since obtaining the highest degree, percentage of time devoted to different forms of
academic labor (i.e., research, teaching, service/administration, and other academic labors)
during pre-pandemic periods, academic position (postdoc, researcher, instructor, professor,
and leadership roles), and tenure status (if applicable). Participants were asked to choose
all categories that applied to their race/ethnicity for answers among “White”, “Black or
African American”, “Hispanic or Latino”, “American Indian or Alaska Native”, “Asian”,
“Native Hawaiian or Pacific Islander”, “other indigenous race/ethnicity”, and “other”.
These categories were applied slightly modifying the categories of ethnicity and race by the
US Office of Management and Budget (Egede 2006), which include two ethnic categories
“Hispanic or Latino” and “Not Hispanic or Latino” and five racial categories: White, Black
or African American, American Indian or Alaska native, Asian, and native Hawaiian or
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other Pacific islander. In our survey questionnaire, we applied an additional category of
“other indigenous race/ethnicity” as there may be more local and indigenous categories in
some cultures. Nonetheless, the categories used in the survey are not exhaustive and do
not reflect the diversity of race/ethnicity across various geographical regions and countries.
Furthermore, notions and measures of race and ethnicity differ across cultures and countries.
For example, widely used categories for race and ethnicity in a nationwide census in one
country may not adequately represent the dynamics of race/ethnicity in other countries
(Morning 2008). Therefore, for this paper, we focused on the participants who lived in the
US. Our survey asked for country of residence, not more detailed information (e.g., which

v

states). Race/ethnicity was categorized as “non-Hispanic White”, “non-Hispanic Black”,
“Hispanic”, “non-Hispanic Asian”, “non-Hispanic other single race”, and “non-Hispanic
multi-race”, as in previous studies (Yi et al. 2014).

We faced a challenge regarding the formation of the questions for “sex” or “gender” as
the concepts of genders are not consistent across countries, cultures, or time (Clayton and
Tannenbaum 2016; Morgenroth et al. 2021; Schiebinger and Stefanick 2016). Our survey was
originally conducted to collect data from scientists in six languages across many countries,
with responses from >130 countries, which created challenges with respect to our ability to
fully assess gender versus sex given the different perceptions and understanding of these
terms across cultures. The survey asked participants to identify their sex/gender as male,
female, transgender, gender non-conforming, or other with the opportunity to write in text
for “other”. While “sex” or “gender” are not interchangeable terms, the original survey
was designed to be easily interpretable across various cultures and countries, including
the many that currently do not have separate terms for “sex” and “gender”. Thus, our
study, including respondents from over 130 countries, had limitations for defining sex
and gender (blind citation). This limitation remained in the dataset used in the current
study focusing on responses from scientists at US organizations/institutions. We recognize
this as a limitation and note that gender and sex are separate concepts, that many other
genders exist, and that non-male/female persons exist everywhere (Spizzirri et al. 2021;
Reisner et al. 2016; Torgrimson and Minson 2005). In this study, we used three categories
of self-reported sex/gender (“male/man”, “female/woman”, and “other) as the previous
literature for faculty and academics has widely focused on the comparison between binary
sex categories of men and women, and because the number of respondents who identified
as categories other than male or female was small (1.6%). Hereafter, we refer to this variable
as “gender” although we recognize that some participants viewed this as sex and others as
gender, and that these are not interchangeable.

As an outcome of interest, we constructed a question asking whether and how the
pandemic changed work hours in two questions. The first question asked the approximate
change in the number of work hours per week during the COVID-19 pandemic compared
to the pre-pandemic period, with answers selected among five categories: “significantly
decreased”, “slightly decreased”, “neither decreased nor increased”, “slightly increased”,
and “significantly increased”. The second question asked the number of hours for that
change, with seven categories of values between —25 and 25 h, separately for research,
fundraising, teaching, and administration/service.

Then, the survey asked whether participants were worried about the detrimental
impacts of COVID-19 on (1) the number of research papers and proposals, (2) teaching
quality, and (3) promotion and career for the long-term, with answers selected among
“agree” (i.e., agree this is a concern), “neither agree nor disagree”, and “disagree.” The
question for the worry about the number of research papers and proposals was slightly
modified from a previous survey study by Breuning et al. (Breuning et al. 2021). Moreover,
we asked how much participants agreed with the statement “I am satisfied with my current
career progress” with answers selected among “agree”, “neither agree nor disagree”, and
“disagree.”
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2.4. Data Analysis

Using the survey data, this research applied quantitative data analysis. Descriptive
statistics of the study participants were examined for gender, race/ethnicity, living with
children (age <18 years) at home, marital status, field (e.g., major), and job position. Descrip-
tive statistics were also applied to the changes in work hours by gender and race/ethnicity.
Correlation analyses, such as the Mann—-Whitney—Wilcoxon test and the Kruskal-Wallis test,
were used to assess how variables of gender and race/ethnicity were correlated with the
outcome variables (i.e., changes in work hours and worries about productivity) among the
study participants. The statistical analyses were performed using R software (version 3.3.0).

In statistical analysis, we used three outcome variables. The first variable was the
changes in work hours measured with five ordinal categories. The second variable was
the changes in work hours with seven categories of hours (e.g., —25 h or more, —24 to
—8h, —7to —1h,0h,1to7h, 8 to 24 h, and 25 h or more). The last variable was
the degree of worry (i.e., agree, neither agree nor disagree, and disagree) for concerns
related to research, teaching, and career development. The percentages of responses for
categories of changes in work hours (i.e., significantly decreased, slightly decreased, no
change, slightly increased, and significantly increased) by gender (female, male, other)
and race/ethnicity were compared. We grouped gender by “other” for all categories
other than male and female, given the small percentage of respondents in these categories
(1.6%). The percentages of responses for seven categories of changed work hours were
reported for total work and different types of work (research, fundraising, teaching, and
administration/service). The percentages of responses for the degree of worry about
COVID-19 impacting the number of research papers and proposals, teaching quality, and
long-term career were compared by gender and race/ethnicity, as was the degree of
satisfaction for current career progress by gender and race/ethnicity.

When considering race/ethnicity simultaneously with gender (e.g., Black male), the
small number of participants in some groups hindered statistical tests such as the chi-
squared test for the outcome variables including the changes in work hours. When we
divided participants’ responses among the large number of categories of changes in work
hours, the small number of participants in the groups hindered comparison in statistical
analyses. Therefore, for the purpose of statistical tests, we used simplified racial/ethnic
groups of “non-Hispanic White” and “racialized scientists” groups, while we report the
descriptive statistics for the outcome variables for each racial/ethnic and gender group
in the results. The Mann-Whitney—-Wilcoxon test, which is widely used for comparing
ordinal dependent variables, was used to compare the outcome distributions between these
two racial/ethnic groups. The Mann-Whitney-Wilcoxon test was also applied to compare
the two gender groups (e.g., female and male). The Kruskal-Wallis test was applied for
comparing outcome variables simultaneously among the four groups of race/ethnicity and
gender: “racialized women”, “non-Hispanic White women”, “racialized men”, and “non-
Hispanic White men”. We recognize the diverse cultures and experiences within racialized
populations; however, as our participants were mostly non-Hispanic White (74.6%), we
had limited ability to fully disentangle the impacts among different race/ethnicities in
all analyses.

3. Results
3.1. The Impact of the COVID-19 Pandemic on the Number of Work Hours

The impact of the COVID-19 pandemic on changes in the number of work hours was
assessed. On average, 45.5% of participants responded that the number of work hours
increased during the pandemic compared to the pre-pandemic period. Among men, 13.1%
responded that the number of work hours “significantly increased”, and 25.0% responded
“slightly increased” (Figure S2). A higher percentage of female participants than male
participants experienced increased work hours (22.4% for “significantly increased” and
30.1% for “slightly increased”). The percentage of participants whose work hours decreased
was roughly similar between men (23.8%) and women (23.1%). Due to the small number of
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participants who self-identified gender as “other” (1.6%), the Mann-Whitney—Wilcoxon test
was applied to only female and male groups. The Mann-Whitney—Wilcoxon test showed
significantly different changes in the number of work hours between men and women
(U =187,370; p-value < 0.001), with women experiencing a higher burden of increased work
hours compared to men.

The changes in work hours by race/ethnicity are shown in Figure 53. The racial/ethnic
group with the largest fraction of participants with increased work hours was Hispanic
persons (65.9%) followed by Black persons (64.3%). The “other” non-Hispanic single-race
group had the smallest percentage of participants with increased working hours (39.4%)
followed by non-Hispanic White persons (43.7%). A Mann-Whitney—Wilcoxon test on
the ordinal variables of work hours between the two groups of non-Hispanic White and
racialized scientists, as an alternative test, indicated a higher burden of increased work
hours in racialized scientists (U = 139,470; p-value = 0.032).

The changed work hours by race/ethnicity stratified by gender are shown in Figure 1.
In all racial/ethnic groups, except for the non-Hispanic multi-race group, the percentage
of persons whose working hours increased during the pandemic compared to the pre-
pandemic period was higher for women than men. The difference was notable for Black
participants; seven of nine (88.9%) Black women and one of five (20.0%) Black men experi-
enced increased working hours during the pandemic, although we note a small sample
size for Black participants (N = 14). Among women, non-Hispanic Black persons and
Hispanic persons had a higher percentage of persons with increased work hours than other
race/ethnicity groups. For men, non-Hispanic multi-race and Hispanic participants had the
highest percentage of participants with increased work hours. On the basis of the Kruskal—-
Wallis test, the burden of the increased number of work hours was highest in racialized
women, followed by non-Hispanic White women, racialized men, and non-Hispanic White
men (Kruskal-Wallis x? = 22.0; p-value < 0.001).

Of the total 1171 participants, 756 participants (64.6%) responded to the question
regarding the changes in work hours by form of academic and scientific work, and the
results are shown in Figure 2. For all categories (research, fundraising, teaching, and admin-
istrative/service), both men and women and all race/ethnicity subgroups included some
persons who experienced increased work hours and some who experienced decreased work
hours. In general, most people experienced more work hours for fundraising, teaching, and
administrative/service tasks. The changes in work hours for research and fundraising were
higher in racialized women compared to White women and men, although the difference
was not statistically significant (Kruskal-Wallis x? = 5.6 and p-value = 0.130 for research;
Kruskal-Wallis x? = 2.2 and p-value = 0.531 for fundraising). There were no significant
differences in the changes in work hours for teaching among the gender and racial groups
(Kruskal-Wallis x? = 5.4; p-value = 0.144). Of racialized women who responded to the
question regarding teaching (N = 50), 60.0% of participants (N = 30) had increased work
hours (>1 h/week) for teaching, whereas the percentage of participants with increased
work hours for teaching was 59.0% (N = 95), 50.0% (N = 29), and 56.9% (N = 62) for White
women, White men, and racialized men, respectively. The percentage of participants with
8-24 increased work hours per week for teaching was 23.6% (N = 38) for White women and
26.0% (N = 13) for racialized women. The time for administration/service-related work
generally increased across all groups (average 71.0%, N = 359), but the increased work
hours were significantly lower for White men (Kruskal-Wallis x? = 10.5; p-value = 0.015);
62.5% (N = 95) of White men experienced increased work hours (>1 h/week), whereas the
percentage of participants with increased work hours was 76.9% (N = 180), 73.4% (N = 47),
and 70.8% (N = 37) for White women, racialized women, and racialized men, respectively.
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periods by race, stratified by gender: (A) women; (B) men.
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gender and race/ethnicity: (A) research; (B) fundraising; (C) teaching; (D) administration/service.
Note. NH = non-Hispanic.

3.2. The COVID-19 Pandemic Impacts on the Perception Regarding Career

Figure 3 shows participants’ perceptions regarding concerns for the impacts of the
COVID-19 pandemic on their work and career among, by gender and race/ethnicity
groups (N = 1117). Most participants were worried that their number of research papers
and proposals had decreased or would decrease due to the pandemic, especially for non-
Hispanic Black women (77.8%, N = 7) followed by non-Hispanic Asian women (64.5%,
N =49). Non-Hispanic White men had lower worry about the pandemic’s impacts on
research papers and proposals (48.4%, N = 196) compared to White women (55.4%, N = 229),
as well as compared to racialized men or racialized women (50.0% [N = 66] and 59.0%
[N = 79], respectively) (Kruskal-Wallis x? = 7.7; p-value = 0.053). Most groups were worried
that their teaching quality had decreased or would decrease due to the pandemic, except
for Black women or Black men. The most concerned group was Hispanic men (82.4%,
N = 14). Overall, men had more concern for the pandemic’s impacts on teaching than
women for non-Hispanic White scientists (65.9% [N = 230] for men and 59.1% [N = 204] for
women) and for racialized persons (66.4% [N = 73] for men, 59.3% [N = 64] for women),
but the results were not statistically different among these four racial and gender groups
(Kruskal-Wallis x? = 5.2; p-value = 0.157). The percentage of scholars worried about the
pandemic’s impact on long-term career and promotion was highest in Hispanic men (61.1%,
N =11) and lowest for Black women (11.1%, N = 1). In comparing scholars who are White
and racialized persons, non-Hispanic White men were the least worried about the impacts
of the pandemic on long-term career and promotion (32.6%, N = 119) compared to 47.0%
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(N = 186) for non-Hispanic White women, 46.1% (N = 59) for racialized men, and 44.0%
(N = 55) for racialized women (Kruskal-Wallis x? = 19.3; p-value < 0.001). Satisfaction with
current career progress was highest for non-Hispanic multi-race men (77.8%, N = 7) and
lowest for non-Hispanic Asian women (36.5%, N = 27). Non-Hispanic White men were
significantly more satisfied with their career progress (61.5%, N = 248) than non-Hispanic
White women (47.3%, N = 201), racialized men (55.1%, N = 75), or racialized women (43.6%,
N = 58) (Kruskal-Wallis x? = 24.3; p-value < 0.001).
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Figure 3. Degree of agreement on the impacts of the COVID-19 pandemic on work and career

progress, by gender and race/ethnicity. Note. NH = non-Hispanic.

4. Discussion

There has been a growing interest in the disparities for the negative impacts of the
COVID-19 pandemic on sciences and higher-education institutions by gender (Toutk-
oushian and Bellas 1999). To our knowledge, there is minimal research examining how the
impacts of the COVID-19 pandemic on the productivity of scientists differ by intersections
of gender and race/ethnicity. The intersectionality as a theoretical framework theory is
important to recognize the intersect of gender with race/ethnicity dimensions (Davis 1981,
2008; Crenshaw 1989), and it became one of the major theoretical contributions in the social
movements of people at the intersections of multiple forms of oppression such as Black and
other racialized women (Ferreira and Santos 2022; Thomas 2022). We hypothesized that the
personal experiences regarding scientific productivity would not be homogeneous within
the same sex or racial/ethnic group. Applying the intersectionality theory in this research
provided a better understanding of how race/ethnicity interplays with gender to produce
different experiences, particularly in relation to the changes in work conditions (e.g., hours)
and perception of productivity among scientists. We discuss the gender disparities first and
then the intersections of gender and race/ethnicity regarding the impacts of the COVID-19
pandemic below.
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Results from earlier studies are inconsistent regarding how working hours in higher-
education institutions differ by gender (Toutkoushian and Bellas 1999). We found that the
impacts of the COVID-19 pandemic and mitigation measures on working conditions in
the US were not gender-neutral; the number of participants with increased work hours
during the pandemic was significantly higher in female participants than male participants.
This could be due to the higher proportion of women participants than men participants
in the medical and public health fields, where the workload has greatly increased due to
COVID-19. Another reason could be that the academic service including mentoring and
emotional support for students has generally been disproportionately performed by female
academics than male academics (Hirshfield and Joseph 2012; Toutkoushian and Bellas
1999), as shown in our data. Our study had relatively higher rates of junior and mid-level
academics (e.g., associate professor, assistant professor) for women than men, which may
be a potential reason for higher increased work hours.

In our study, the changes in work hours for research, teaching, and fundraising were
not statistically different among different racial and gender groups. Administration and
service-related work increased more for both racialized women and racialized men. Our
results for teaching workloads by sex/gender and race/ethnicity during the pandemic
are inconsistent with the findings for allocation of teaching by gender in previous studies,
such as the 1993 national survey of postsecondary faculty (NSOPF) that demonstrated
significantly higher time in teaching and lower time for research for women compared to
men (Toutkoushian and Bellas 1999). Yet, in the NSOPF study, it was not clear if women had
been assigned heavier teaching loads or women had spent more time in course preparation
than men (Toutkoushian and Bellas 1999), warranting future studies on this topic.

On the other hand, our results found that race/ethnicity intersected with gender re-
garding the changes in time for work during the pandemic compared to the pre-pandemic
periods. Recent studies also suggested that race and gender unequally allocate service
to faculty and eventually imbalance career development of women, especially racialized
women academics (Domingo et al. 2022; Monroe et al. 2008). Studies found that the amount
of total service, such as student service and recruitment, campus-related community activi-
ties, and administrative duties, is more performed by women faculty compared to male
counterparts (Monroe et al. 2008; Hanasono et al. 2019; Wood et al. 2016). The increased
service burden is likely higher in women and especially racialized women in STEM fields,
where racialized women are underrepresented compared to other disciplines (Domingo
et al. 2022). Studies conducted prior to the pandemic suggested that universities and
higher-education institutions need to recognize that women tend to spend a larger amount
of academic time on service activities than their male colleagues, and that such institutions
should make service more visible and evaluated in promotion and tenure (Hanasono et al.
2019). Our survey data did not differentiate subcategories of service and administrative
works, so we cannot identify which aspects of these tasks present the greatest burdens.
Distinguishing administrative work related to the COVID-19 pandemic is also important
for identifying potential gender and racial disparities in work burdens, which warrants
further study.

Academics who spend more time in teaching and service-related activities may have
fewer research products while teaching, research, administration, and service tend to be-
come conflicting loads and compete for allocation of academics’ time during the pandemic
(Toutkoushian and Bellas 1999). Time allocation between research, teaching, and service
is influenced by the institutional reward structures, which would play a role in the dis-
proportionate time allocation for teaching and service for women and racialized faculty
(Winslow 2010; O’Meara et al. 2018). The results of our study showing higher increases in
work hours for women than men have important implications given the previous literature
suggesting that women have struggled with lower submission rate or number of publica-
tions of scientific articles (Nash and Churchill 2020; Abramo et al. 2022; Bell and Fong 2021;
Pereira 2021). This may indicate that there are obstacles hindering the successful transfor-
mation of academic labors of women into academic outcomes, such as publications or grant
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successes, which are central to the reward structures of current performance assessment
systems. Some studies demonstrated that altered childcare demands as a consequence of
the COVID-19 pandemic for women compromised their ability to submit articles (Walters
et al. 2022; Staniscuaski et al. 2021), indicating the need for institutional policies on gender
equality and work-life balance in science and higher-education institutions. For example,
institutional policies can provide support for relief of service or teaching duties to allow
time for grant writing or to undertake training in grant writing (Sato et al. 2021).

Our study found that White male scientists were more likely to be satisfied with their
career development than other groups, which is consistent with other work. Studies in the
1990s found that male academics were generally more satisfied than female academics in
overall job security and job situations in Western countries and some Asian regions such
as Hong Kong (Poole et al. 1997). Some recent studies have shown that women faculty
were more likely to be dissatisfied for overall workload (Jacobs 2004) and institutional
support for family and children (Deutsch and Yao 2014). Another previous study found
that Black and Latino faculty members were less likely to be satisfied with working for
their institutions and departments compared to Asian or White faculty members (Denson
et al. 2018). A previous quantitative study found that stress due to racial discrimination
at institutions (e.g., unequal expectations and beliefs that racialized faculty must work
harder than their colleagues) among racialized faculty members compared to their White
colleagues was significantly correlated with reduced research productivity (Eagan and
Garvey 2015). Monitoring time allocation for different type of academic and scientific
labor is important as different forms of work (i.e., teaching, research) may have different
associations with satisfaction for workloads among faculty members. For example, previous
studies found that faculty with larger allocation of work hours for research than for other
labors had a lower likelihood of dissatisfaction for their overall workloads (Jacobs and
Winslow 2004; Bentley et al. 2013), which could be related to predominant preference for
research by doctorate degree holders in academia (Escardibul and Afcha 2017). Academics
with more time available for research also tended to stay and pursue careers at their
institutions (Lawrence et al. 2014). For scientists who have spent more time teaching or
providing service during the COVID-19 pandemic, the relatively decreased research time
may cause concerns about future career development and promotion. Racialized scientists
tend to go through a more rigorous verification process than others in promotion and
tenure assessment (Social Sciences Feminist Network Research Interest Group 2017), and
such racial bias in the system along with the inequitable time allocation for work during the
COVID-19 pandemic could adversely affect career development of racialized populations.
Therefore, we suggest that it is important to consider the contribution of individuals to
these various academic labors including service and administrations in the promotion
assessment process during and after the pandemic.

Gender inequalities can be produced by legitimization through masculinized institu-
tionalized policies explicitly and implicitly advantaging men over women (Hanasono et al.
2019; Acker 1990). Academic institutions with historical masculinity of performance assess-
ment have generally assumed that White men with little duties for childcare and domestic
work are the most ideal workers (Bleijenbergh et al. 2013; Bailyn 2003; Winslow 2010).
Racialized faculty and non-US-born academics who are also women have encountered the
lack of understanding and support from their male-dominant departments in STEMM fields
(Skachkova 2007). The effects of challenging situations for work due to the pandemic and
mitigation measures for scientists are likely to persist (Gorska et al. 2021), further widening
the gender and racial differences in success in academic careers. The disproportionate
repercussion by the COVID-19 pandemic could put female scientists at a higher risk of
losing progress for career development under “masculine academia” constructed around
the life experiences of men where research success is prioritized for career progress by the
organization (Nash and Churchill 2020; Ivancheva et al. 2019; Bailyn 2003). The disparities
in the compromised productivity in science due to the pandemic may be also associated
with race/ethnicity. The results presented here can inform institutional policies, such as
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providing support for female and racialized academics, monitoring allocation of workloads
within departments, and establishing work-life balance supports, to diminish differences
by gender and race for the impacts of COVID-19 for scientific and other academic work.

This study can potentially aid scholars and administrators to establish policies reduc-
ing gender bias and racial/ethnic discrimination in the scientific community during and
after the COVID-19 pandemic. This study provides evidence on the intersected vulnerabil-
ity by gender and race/ethnicity to the impacts of the COVID-19 pandemic and mitigation
measures for scientists. The previous literature for time allocation for academic labors
largely focused on racism in higher education, with less frequent focus on the ways in
which experiences within these groups vary by gender (Griffin and Reddick 2011). Given
that conflicting duties at work and at home are commonly referred to as contributors to gen-
der gaps in academia, and that there is insufficient research on the institutional inequalities
widening gender disparities (Sutherland et al. 2022), our study provides important evidence
and implications for the importance of acknowledging the gender gaps in academia and
support systems for faculty members and scientists during and after pandemics, especially
for women and even more so for racialized women.

However, we note several limitations of the current study. The percentage of Black
participants (1.2%) in our study was lower than the percentage of Black faculty members
(5.7%) in the US in 2018 reported by the National Center for Education Statistics (NCES
2019). Thus, our survey results may not be fully generalized for all Black faculty /academics.
Furthermore, we combined race and ethnicity in our categories (e.g., non-Hispanic White,
non-Hispanic Black, Hispanic, and Asian), given the small number of participants in some
categories, as performed in earlier research (Yi et al. 2014; Egede 2006). Nonetheless, we
note the limitation that only “Hispanic” ethnicity was considered, and Hispanic ethnicity
includes many different ethnic groups and subgroups across 20 different countries (Egede
2006). Moreover, we note that our results for the dissatisfaction with research and time
allocation for research in our study may not be applicable to certain academic positions,
especially instructors or lecturers. Although we used a published method for recruitment,
a small number of potential participants did not wish to be contacted through their email
based on their scientific literature; thus, we do not recommend this methodology. The
distribution of our survey to scientists who have published scientific articles in 2017-2021
may have excluded some scientists and scholars who have been less active in sciences or
those with positions less associated with research activities (e.g., instructors) from our study
population. Additionally, our survey did not collect information on household composition,
occupational status of partner, household income, or other factors that may be associated
with the changes in work hours and work satisfaction of the survey participants.

Lastly, as discussed in Section 1, our study faced limitations of how “sex” and “gender”
were considered, given that the original survey included six languages, with responses from
over 130 countries including many cultures that do not currently distinguish between these
concepts. We acknowledge that the distinction between sexual orientation and gender is
critically important and that there are multiple gender categories (Torgrimson and Minson
2005; Spizzirri et al. 2021; Reisner et al. 2016; Peters and Norton 2018). Nonetheless, the
words “sex” and “gender” are often used interchangeably in cultures and countries where
there are currently no separate words for sex and gender. Addressing these concepts is
challenging across six languages and the cultures of >130 countries where these concepts
vary considerably compared to the usage in the Western cultures (Morgenroth et al. 2021;
Schiebinger and Stefanick 2016; Clayton and Tannenbaum 2016; Peters and Norton 2018;
Abbey et al. 2004; Riley 1997). We assume that the term “sex” used in this analysis likely
represented biological sex for some participants and gender for others. The impacts of
COVID-19 on academic fields may differ between sex and genders; therefore, future studies
need more detailed subgroups for sex and gender, with language specific to the culture.
Furthermore, this survey did not collect information on sexual orientation, which is a topic
for future work.
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5. Conclusions

Our survey study provides empirical evidence that gender and race/ethnicity were
associated with work hours and worries for career and productivity among scientists in the
STEM and medicine (STEMM) fields in the US during the COVID-19 pandemic. Our study
found that the changes in work hours for research, teaching, administration, and service
during the COVID-19 pandemic compared to the pre-pandemic periods differed by gender
and race/ethnicity among scientists; women, especially racialized women, experienced
disproportionately higher increases in work hours for teaching, administrations, and
service. In addition, satisfaction with career progress was lower in women and in racialized
scientists. The results in this study have implications for the establishment of actions
to avoid worsening the gender and race/ethnicity differences in academia and scientific
institutions during and after the COVID-19 pandemic.
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during the pandemic compared to pre-pandemic periods by race and ethnicity.
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