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Preface

“A year like no other”1 is an often-repeated phrase, given our collective
experiences during 2020. The day before the start of the New Year, a mysterious
illness was reported in China after dozens of people visited a live animal market
in Wuhan. The first death was reported in mid-January. By the end of January,
the World Health Organization declared a global health emergency, and the first
suspected case was reported in the United States at the end of February. It was
not until March 2020 that a federal emergency was declared, and since then we
have been on what feels like a collective roller coaster, punctuated by fear, sadness, and hope.2
As I write this Preface during the close of 2020, the Food and Drug Administration provided emergency approval of a COVID-19 vaccine, the United States
once again experienced its highest daily reported number of COVID-19–related
deaths, the Supreme Court recently dismissed a lawsuit intended to overturn the
outcome of last month’s presidential race, and institutions and organizations
across the nation are shifting to more intentional strategies to address structural
racism. Added to the backdrop of this theater of disruption, there have been
record-breaking fires on the West Coast and hurricanes and tornados elsewhere.
Once again, the significant rise in COVID-19 cases across the country has translated into school districts, restaurants, and brick-and-mortar businesses closing
down. To complete the image of this moment, the passage of a much-needed
federal relief bill remains uncertain. Even as I reflect on the ongoing effects of
1 Pixabay/CC0 Public Domain. COVID-19: Twelve key milestones in a year like no other. November 26, 2020. https://medicalxpress.com/news/2020-11-covid-twelve-key-milestones-year.html.
2 E. Schumaker. Timeline: How coronavirus got started. ABCNews. September 22, 2020, 11:55
a.m. Available at https://abcnews.go.com/Health/timeline-coronavirus-started/story?id=69435165.
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climate change, protests calling for social justice, and the impact of economic
volatility, it is clear that this year is only a preview of similar confluences of
disruptors to come.
It is incredible to believe that less than 1 year ago, the report Promising
Practices for Addressing the Underrepresentation of Women in Science, Engineering, and Medicine3 (the Promising Practices report) was released by the
National Academies of Sciences, Engineering, and Medicine. As a reviewer of
that consensus study report, I appreciated the summary of the current state of
the representation of women across disciplines, the focus on intersectionality,
particularly Women of Color, and the impressive list of evidence-based interventions that was advanced as promising practices. It provided a platform for
launching, with renewed vigor, initiatives that may enable us to turn the corner
and accelerate the advancement of women in academia. Considering that more
than half of the population in the United States identifies as women, if we do not
address our underrepresentation in science, technology, engineering, mathematics, and medicine (STEMM), the country is leaving an enormous magnitude
of intellectual capital on the table. Innovation, enhanced decision-making, and
profitability of corporations have been attributed to greater diversity.4 Indeed,
given the enormous value of diversity, the subtitle of the Promising Practices report, “Opening Doors,” inspires an element of optimism and hope that continued
progress is within our grasp.
It is fortunate that the sponsors of this current report, the National Institutes of Health, Alfred P. Sloan Foundation, Doris Duke Charitable Foundation, National Science Foundation, and the National Institute of Standards and
Technology, partnered with the National Academies to stand up this committee
to investigate the impact of COVID-19 on the academic careers of women in
STEMM. After all, in these unprecedented times, the interventions enumerated in
the Promising Practices report were no longer grounded in an environment that
was encased in certainty. The questions that were embedded in our Statement of
Task for this report were relevant and critically important to the future representation and viability of academic women in STEMM. Was there harm imposed on
women when specific interventions were undertaken? Are women and men affected differently when these interventions are implemented? What are the unique
challenges that women are facing during this COVID-19 pandemic? What are the
early indicators of impacts to the career trajectories of women in STEMM? These
are critical questions to better understand how we as an academic community can
emerge from this pandemic with continued advancement of women rather than a
3 National Academies of Sciences, Engineering, and Medicine. 2020. Promising Practices for
Addressing the Underrepresentation of Women in Science, Engineering, and Medicine: Opening
Doors. Washington, DC: The National Academies Press. https://doi.org/10.17226/25585.
4 U.S. Glass Ceiling Commission. 1995. Good for Business: Making Full Use of the Nation’s
Human Capital. Washington, DC: U.S. Government Printing Office. http://digitalcommons.ilr.cornell.
edu/key_workplace/ 116/.
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reduction in the engagement of women in our scientific workforce and a deflation
in the expanse of dreams of durable professional careers. An appropriate subtitle
for this report, building on the work of the Promising Practices report, may have
been “Keeping the Doors Open—Key Questions Unanswered.”
Predictably, there was not a massive body of peer-reviewed literature upon
which the committee could determine its list of findings and proposed research
questions. However, five commissioned papers in key topical areas provided a
rich resource for the committee’s deliberations. Career trajectories, work-life
integration, collaboration and networking, leadership and decision-making, and
mental health and well-being made up our foci. We also addressed important
cross-cutting issues such as the impact of the pandemic on Women of Color. From
a range of literature sources, including reviews of relevant material from before
the COVID-19 pandemic, the authors of the commissioned papers provided the
committee with evidence to support a set of key findings and develop research
questions for further investigation. Given how much is at stake, understanding
the impact of COVID-19 on the careers of women in STEMM is of utmost
importance.
On a personal level, I relate to many of the challenges described in this report
and admit that the intensification of them during the current pandemic is nearly
unimaginable. My caregiving responsibilities and the difficulties of integrating
my personal and professional responsibilities were heightened in the middle
of my career, following Hurricane Katrina. My parents, who were in their 90s
at the time, came to live with my husband and me in Maryland. Although our
family home in New Orleans was fine, I did not believe the health-care system
and social services infrastructure in my hometown had recovered enough to
effectively care for my parents living alone. My husband and I quickly shifted
to preparing regular meals at home, hurriedly sought out caregivers to come in
periodically to assist us, and ensured that we made all of their necessary doctors’ appointments between our professional commitments. Taking up caregiving
responsibilities after work, preparing the pill boxes late at night, and canceling
visiting professorships at the last minute because of periodic emergencies and
hospital admissions were new challenges that I had not previously experienced in
my adult working life. Indeed, I wrote fewer papers and accepted fewer speaking
invitations, deepening my personal concern that my profession would perceive
these absences more harshly, considering that I am a woman, and particularly as
a Woman of Color.
I recognize that if I had experienced these challenges earlier in my career,
I would never have made it to positions of department chair or dean. With the
added constraints and circumstances of the COVID-19 pandemic, I acknowledge
that mothers today have taken on the roles of teacher and caregiver, often without
the possibility of external assistance that was available to me. Moreover, I was
fortunate to have a supportive spouse; however, in the absence of a partner, there
is rarely time for self-care, scholarship, or other professional responsibilities. Our
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gendered roles in society take on added emphasis during periods of stress, the
timing of which can make or break careers. It is time for institutions to consider
new strategies to support the careers of women across their entire career timeline
and embrace professional norms to alternative constructs other than a “hustle”
culture.
It is my hope that this report will not only advance the discussion about how
best to enhance the representation and vitality of academic women in STEMM,
but create an awareness about the adverse impact that these unprecedented times
will have on women going forward. It is also my hope that the research questions
posed by this committee will translate into enduring solutions that will strengthen
institutional interventions to weather future disruptions.
I appreciate the wisdom of the National Academies and our sponsors to take
on this topic, the trusted guidance of the staff of the National Academies, the
authors of our commissioned papers who sought the evidence that was needed,
and the generosity of valuable time and energy of my fellow committee members
who were so willing to expertly share their wisdom on prolonged Zoom calls. At
our last meeting, I closed our session with the following quote, which has been
attributed to Dr. Martin Luther King Jr.: “The arc of the moral universe is long
but it bends toward justice.”5 It is my dream that the promise of the research that
evolves from the questions that have been posed will not only shed a light on
the opportunities to listen, learn, strategize, and implement, but will effectively
facilitate our shared journey toward gender equity in academia.
Eve Higginbotham, Chair
Committee on Investigating the Potential the Impacts of COVID-19 on the
Careers of Women in Academic Science, Engineering, and Medicine

5 Dr. Martin Luther King Jr., quoted by the National Museum of African American History and
Culture. https://www.si.edu/spotlight/mlk?page=4&iframe=true.
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Summary

Spring 2020 changed how nearly everyone conducted their personal and professional lives, within science, technology, engineering, mathematics, and medicine (STEMM) and beyond. For academic STEMM, the disruptions caused by the
COVID-19 pandemic ranged from delayed experiments in individual laboratories
to transformed or canceled global scientific conferences. People shifted classes to
virtual platforms and negotiated with family members for space in their homes
from which to work. This changed reality blurred the boundaries between work
and nonwork, infusing ambiguity into everyday activities. While adaptations that
allowed people to connect became more common, the evidence available at the
end of 2020 suggests that the disruptions caused by the COVID-19 pandemic
endangered the engagement, experience, and retention of women in academic
STEMM, and may roll back some of the achievement gains made by women in
the academy to date.
By the end of 2020, it was well documented that the COVID-19 pandemic
was particularly detrimental to vulnerable populations, such as People of Color
and elderly individuals, and had a devastating effect on the economy, particularly brick-and-mortar retail and hospitality and food services. Less rigorously
documented was how the COVID-19 pandemic added to and amplified gendered
expectations for women in academic STEMM during its first several months.
Although women shared firsthand accounts of new and enduring challenges, the
overall effects of the COVID-19 pandemic were challenging to quantify using
rigorous, data-driven methods less than 1 year after it began. To better understand
and gather the available evidence on the potential impacts of the COVID-19 pandemic on the careers of women in academic STEMM, an ad hoc committee was

1
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IMPACT OF COVID-19 ON THE CAREERS OF WOMEN IN ACADEMIC STEMM

appointed by the National Academies of Sciences, Engineering, and Medicine in
late summer 2020.
Less than 6 months earlier, the National Academies released the consensus
study report Promising Practices for Addressing the Underrepresentation of
Women in Science, Engineering, and Medicine: Opening Doors (the Promising
Practices report). While that report called attention to the challenges that women
in STEMM experience and presented evidence-based recommendations to address the well-established structural barriers that impede the advancement of
women in STEMM (NASEM, 2020), the actions it identified were not conceived
within the context of a pandemic, an economic downturn, or the emergence of
national protests against structural racism.
ABOUT THE REPORT
This report arose out of the need to expeditiously identify, name, and document how the COVID-19 pandemic disrupted the careers of women in academic
STEMM during the initial 9-month period from March to December 2020, and to
consider how these disruptions—both positive and negative—might shape future
progress for women in academic STEMM. The committee’s task was to build on
the Promising Practices report and examine the COVID-19 pandemic’s potential influences on women in academic STEMM. Preliminary evidence indicated
that such disruptions could have both short- and long-term consequences, and
will likely vary across institution type (e.g., community colleges, baccalaureategranting institutions, doctoral-granting and research universities, Historically
Black Colleges and Universities, Hispanic-Serving Institutions, and Tribal Colleges); career stage or focus (e.g., graduate student; postdoctoral scholar; medical resident; clinician; tenure-stream, tenured, full-time non-tenure-track, and
adjunct faculty); academic rank (e.g., assistant professor, associate professor,
full professor); and personal characteristics, including family structure, caregiving responsibilities, and behavioral health status. Developing a comprehensive
understanding of the nuanced ways these disruptions have manifested may help
the academic community emerge from the COVID-19 pandemic ready to mitigate
any long-term negative consequences the COVID-19 pandemic might have on the
continued advancement of women in the academic STEMM workforce. It may
also help the academic community build on the adaptations and opportunities that
have emerged during the course of the COVID-19 pandemic.
To inform its deliberations, findings, and research questions, the committee
commissioned five papers. Each paper focused on a unique aspect of how the
COVID-19 pandemic affected women in STEMM academics during 2020. The
topics of the five papers as commissioned (and their authors) are as follows: the
Impact of COVID-19 on (1) Tenure Clocks, the Evaluation of Productivity, and
Academic STEMM Career Trajectories (Felicia A. Jefferson, Matthew T. Hora,
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Sabrina L. Pickens, and Hal Salzman); (2) Boundary Management, Work-Life
Integrations, and Household Labor (Ellen Kossek, Tammy D. Allen, and Tracy
Dumas); (3) Collaboration, Mentorship and Sponsorship, and the Role of Networks and Professional Organizations (Rochelle Williams and Misty Heggeness);
(4) Academic Leadership and Decision-Making (Adrianna Kezar); and (5) the
Mental Health and Well-being of Women in STEMM (C. Neill Epperson, Elizabeth Harry, Judith G. Regensteiner, and Angie Ribera).
The central chapters of the report are based on the final drafts of these five
papers. Each chapter provides key insights about how the COVID-19 pandemic
had affected the careers of women in academic STEMM fields in 2020, approaching this core concept from different disciplinary perspectives. Chapter 2 sets the
stage for the ensuing chapters and presents the results of a survey conducted in
October 2020, providing a window into the very personal perspectives offered
by respondents;1 Chapters 3 through 7 review literature and concepts established
before the COVID-19 pandemic, summarize the preliminary evidence and data on
the impacts of the COVID-19 pandemic during 2020 from the perspective of that
field, and—where possible—speculate about potential long-term implications.
Taken together, these six different approaches form a single unified description
of the potential impacts of the COVID-19 pandemic on the careers of women in
STEMM during 2020.
BEFORE THE COVID-19 PANDEMIC
Advances in knowledge and practice in academic STEMM demand and
benefit from a diversity of perspectives, including people who represent different genders, ethnicities, and ancestries. Different perspectives contribute unique
“vectors of skills, experiences, and talents” to the STEMM enterprise (Page,
2007, 2008, 2019). However, women remain underrepresented in STEMM, with
both societal and institutional inequities contributing both to this persistent underrepresentation and to the disproportionate burdens many women face in academic
STEMM fields.
The organizational structures of colleges and universities, as well as the leadership and the decision-making context, are important determinants of gender equity. Women have a long history of underrepresentation in academic institutional
leadership roles (Glazer-Raymo, 2001)—Women of Color even more so. Women
also face numerous barriers, such as a “chilly climate,” as well as organizational
work policies that make it challenging for women to succeed, including tenure
policies that make it challenging for women to have families (Maranto and Griffin, 2011; Sandler and Hall, 1986). Research shows that women are less likely
to receive either mentoring or benefit from the sponsorship of senior academics,
1 Details about the survey are provided in Chapter 2 and Appendix A. The survey was designed and
fielded by Ellen Kossek, Tammy D. Allen, and Tracy Dumas.
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have limited or no access to support structures, have less access to networks that
would help them to move up in the ranks of administration, and become more
isolated as they advance in the academic hierarchy (Maranto and Griffin, 2011;
Sandler and Hall, 1986).
Institutional policies have often incentivized successful tenure-track faculty
to secure substantial grants, patents, and licenses, while those same policies place
a lower value on service work, mentoring, and student support—typically taken
on by women and Faculty of Color—when it comes to deciding on tenure and
promotion. However, nearly 70 percent of faculty are not on the tenure track, and
women are overrepresented in this group (AAUP, 2020a).
During stressful times, those who are systemically disadvantaged are more
likely to experience additional strain and instability than those who have an established reputation, a stable salary commitment, and power. Women of Color
are impacted more significantly than others, given the layering of gender-bias and
racism contributing to their career trajectories. In STEMM, desirable attributes
are generally granted to those who adhere to masculine and majority norms.
Women in academic STEMM are more likely to be early in their career, have a
lower salary regardless of professional ranking in STEMM, be a single parent or
a primary caregiver, and report experiencing greater work-related stress and discrimination in the workplace or their community. In addition, the caregiving responsibilities that often fall on the shoulders of women cuts across career timeline
and rank (e.g., graduate student, postdoctoral scholar, non-tenure-track and other
contingent faculty, tenure-track faculty), institution type, and scientific discipline.
IMPACT OF THE COVID-19 PANDEMIC
The preliminary evidence gathered in this report indicates that the COVID-19
pandemic has negatively affected the productivity, boundary setting and boundary
control, networking and community building, and mental well-being of women in
academic STEMM. It has led to school closures, shifting caregiving responsibilities onto parents and guardians, which has disproportionately negative outcomes
for women across all sectors. Within STEMM, collaborations have been disrupted,
career progressions have been paused, and women are facing challenges associated
with gendered effects of remote work conflicting with caregiving responsibilities.
Because women were underrepresented across most STEMM fields, particularly in the upper echelons, women are more likely to experience academic isolation, including limited access to mentors, sponsors, and role models that share
gender, racial, or ethnic identities. Coupled with the physical isolation stipulated
by public health responses to the COVID-19 pandemic, women in academic
STEMM have been isolated within their fields, networks, and communities,
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putting at risk the progress they have made in building networks and maintaining
collaborations.2
Furthermore, women working in STEMM disciplines have begun to experience additional disruptions that may affect their academic productivity and
careers. Preliminary evidence from 2020 suggests that the COVID-19 pandemic
affected women’s ability to engage actively in collaborations. For women in
STEMM with children or other dependent care responsibilities, many had significantly less time in the day to network and engage in collaborations because
of increased nonwork tasks (Heggeness, 2020; Kossek and Lee, 2020b; Myers et
al., 2020). Studies suggest, too, that team size has decreased during 2020 and that
women’s shares of first authorships, last authorships, and general representation
per author group have decreased during the COVID-19 pandemic (Andersen et
al., 2020; Fry et al., 2020).
With variations by discipline, women also published fewer papers and received fewer citations of their work since between March 2020 and December
2020 (Amano-Patino et al., 2020; Andersen et al., 2020; Gabster et al., 2020),
which may affect their job stability and future ability to obtain funding. Moreover, the COVID-19 pandemic has exacerbated many stresses women in academia
face under usual conditions. For example, delays in obtaining clearance for conducting research during 2020, a result of the COVID-19 pandemic, led researchers to experience increased burnout, sleep disturbance, poor appetite, increased
interpersonal problems, and decreased motivation (Sharma et al., 2020).
Available information indicates that the alterations to healthy boundaries
between the multiple roles women assume (e.g., as caregivers and professionals)
and increased isolation may also negatively impact productivity; harm the recruitment, retention, and persistence of women in STEMM; and/or affect mental
well-being. Women faculty in STEMM faced unique challenges resulting from
the COVID-19 pandemic related to juggling growing second shift challenges
juxtaposed with increased boundary permeability, rising workloads, and persistent ideal worker cultures. While remote work can facilitate the management of
work-family roles, it also increases multitasking, process losses from switching
frequently between tasks, and interruptions and extended work availability that
may harm mental health and well-being. In addition, several studies have shown
there are health and well-being implications of these unequal childcare responsibilities (Kossek et al., 2014). To cope with additional caregiving demands, women
are reducing their work hours (Madgavkar et al., 2020).
Postsecondary institutions and funders also found themselves in uncharted
territory as a result of the COVID-19 pandemic, and they have responded in
several ways including altering tenure and promotion policies. Tenure clock
2 Social support—particularly that gained from in-person contact—is a protective factor against the
adverse effects of stress on health and during many recent societal stressors in the United States, such
as natural disasters and terrorist attacks, individuals have been able to gather with family, friends, and
colleagues to grieve and heal.

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

6

IMPACT OF COVID-19 ON THE CAREERS OF WOMEN IN ACADEMIC STEMM

extensions were widely implemented as policies to address the COVID-19 pandemic productivity challenges3 and may be important for some faculty members.
However, these policies were often implemented without addressing disparities in
caregiving and job-related workload that women faculty across all ranks and job
status faced. Moreover, extending the tenure clock may put off financial incentives, career advancement, and academic freedom. Many funders modified their
policies to allow greater flexibility to researchers in 2020, but there was often no
additional funding to support staff and graduate students over the longer project
period. While 1-year extensions and grant extension flexibility are helpful, overall, the differential effects for women may not be sufficient to address the added
caregiver status and home responsibilities that affect work-life integration.
There were some emerging data by the end of 2020 indicating that approaches some academic leaders used to make decisions, govern, and be accountable were more gender inclusive and may help to eradicate growing equity gaps.
The predominant approaches included at least three strategies: utilizing the expertise of existing diversity, equity, and inclusion staff to inform decision-making
processes; creating new structures to address decision-making needs; and altering
existing processes to include more voices in decision-making. Some campuses
began to think about the long-term implications of the COVID-19 pandemic and
suggested strategies to address this issue, such as revised strategic plans aimed
at ameliorating equity gaps. However, budget cuts made by many colleges and
universities in response to the economic constraints that arose during 2020 greatly
affected contingent and non-tenured faculty members—positions disproportionately occupied by women and People of Color.
Along with these potential negative effects, the COVID-19 pandemic may
be catalyzing changes that could portend a better future for women in academic
STEMM. Emerging work from several nations suggest that men have started
shouldering more caregiving and child-rearing duties, a view corroborated by
their partners (Carlson et al., 2020b; Savage, 2020; van Veen and Wijnants, 2020).
A study by a consumer marketing group found that 62 percent of men wanted to
keep working at home specifically because it increased family time (Fluent, Inc.,
2020). As the collective boundaries and barriers between work and home were
removed, there were instances of humanization and increased understanding or
empathy. Professional conferences adapted quickly to virtual platforms, allowing
global participation and often increasing access by removing travel-related barriers that can affect women more than men, given their caregiving responsibilities.
Taken together—positive and negative—it is important to identify and illuminate
the ways that the COVID-19 pandemic has affected and will affect women in
academic STEMM for years to come.

3 An informally gathered list of changes to tenure clock policies is available at https://docs.google.com/
spreadsheets/d/1U5REApf-t-76UXh8TKAGoLlwy8WIMfSSyqCJbb5u9lA/edit#gid=0&fvid=238051147.
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THE IMPORTANCE OF INTERSECTIONALITY AND EQUITY
The concept of intersectionality—a lens for understanding how social
identities, especially for marginalized groups, relate to systems of authority and
power—is helpful for understanding how the COVID-19 pandemic continues to
affect women in STEMM. Productivity, careers, boundary setting, and mental
health and well-being are all influenced by the ways in which social power
structures define and cultivate social identities. Race and ethnicity, sexual
orientation, gender identity, age, and disability status, among many other factors,
can amplify or alter the effects of the COVID-19 pandemic for a given person.
It is therefore critical to investigate, understand, and present the topics explored
herein through an equity lens. However, while international scientists have been
specifically affected by travel restrictions, increased isolation, and other impacts
of the COVID-19 pandemic, this report does not focus on the citizenship of the
researchers when considering intersectionality and equity (OECD, 2020).
OTHER SIGNIFICANT FACTORS
Although the primary focus of this study is the COVID-19 pandemic, it
was not the only crisis that affected the United States in 2020 and could not be
considered in isolation. The committee considered several contextual elements
that interacted extensively with the COVID-19 pandemic, including the effects of
anti-Black racism, the economic recession triggered by the COVID-19 pandemic,
and the increase in technology-mediated interactions, all of which had additional
significance for the careers of women in academic STEMM.
Difficult and compounding issues, such as the persistence of structural injustices in U.S. society and increasing frequency and severity of natural disasters, led
to the creation of departmental committees, special councils, and task forces. Understanding the implications of these issues will take time and careful examination. A complete review lies beyond the scope of this report, but it is important to
recognize that these events and activities were occurring and absorbing resources
of administrators and faculty—particularly Faculty of Color—concurrently with
the COVID-19 pandemic. The devastating economic recession not only affected
women in STEMM at postsecondary institutions directly, as they felt the consequences of policies such as furloughs, hiring freezes, and elimination of merit increases, but also indirectly as women were forced out of the workforce at a higher
rate than men and were more likely to report the need to leave the workforce if
their children’s school systems did not have in-person classes in the fall of 2020
(FRB, 2020; Heggeness, 2020). The increased use of technology presented many
opportunities for increased access and engagement as well as potential avenues
for virtual harassment. It also required resources (financial and technological) to
engage with the various platforms that are not ubiquitous in the United States.
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BEYOND 2020
Expectations of gendered roles in society often take on added emphasis during periods of stress, and there is a risk that the divide between those who have
privilege and those who do not may deepen. Explicit attention to the early indicators of how the COVID-19 pandemic is affecting women in academic STEMM
careers, as well as attention to crisis responses throughout history, may illuminate
opportunities to mitigate some of the long-term effects and even create a more
equitable system.
The information and experiences assembled in this report represent a description of what was known by the end of 2020. While the report may help inform
the decisions that academic leaders, funders, other interested stakeholders, and
both current and aspiring academics will continue to have to make over the course
of the COVID-19 pandemic, the charge to the committee was to inform, without
making recommendations. Academic leaders and key decision makers may use
the information gathered in this study as they consider new policies or adapt
current ones to be more responsive to the challenges that women in academic
STEMM experience. They may also use the report’s findings as they look for
new ways to engage and move forward in creating a more equitable and inclusive
higher education and research system. In addition, the lessons that can be gleaned
from the first several months of the COVID-19 pandemic may be applicable to
other large-scale disruptions (e.g., climate change–related events, severe economic recessions, or other novel infectious disease outbreaks) that will continue
to be risks faced by the STEMM enterprise over time.
This report, however, was motivated by and focused on the COVID-19
pandemic. Building on the Promising Practices report, the committee provides
findings based on the preliminary evidence available during 2020 and identifies
questions to create a research agenda about short- and long-term impacts of the
COVID-19 pandemic. Together, the findings and research questions can help
better prepare higher education institutions to respond to disruptions and explore
opportunities that support the full participation of women in the future.
The future almost certainly holds additional, unforeseen disruptions that will
test the principles and resilience of institutions of higher education. It also almost
certainly requires the contributions of STEMM, which can be fully realized only
if the well-being of women in these fields does not significantly suffer from the
COVID-19 pandemic and other disruptions.
MAJOR FINDINGS
Given the ongoing nature of the COVID-19 pandemic, it was not possible
to fully understand the entirety of the short- or long-term implications of this
global disruption on the careers of women in academic STEMM. Having gathered
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preliminary data and evidence available in 2020, the committee found that significant changes to women’s work-life boundaries and divisions of labor, careers,
productivity, advancement, mentoring and networking relationships, and mental
health and well-being have been observed. The following findings represent those
aspects that the committee agreed have been substantiated by the preliminary
data, evidence, and information gathered by the end of 2020. They are presented
either as Established Research and Experiences from Previous Events or Impacts
of the COVID-19 Pandemic during 2020 that parallel the topics as presented in
the report.
Established Research and Experiences from Previous Events
Finding 1

Finding 2

Finding 3

4

Women’s Representation in STEMM: Leading up to the
COVID-19 pandemic, the representation of women has slowly
increased in STEMM fields, from acquiring Ph.D.s to holding
leadership positions, but with caveats to these limited steps of
progress; for example, women representation in leadership
positions tends to be at institutions with less prestige and fewer
resources. While promising and encouraging, such progress is
fragile and prone to setbacks especially in times of crisis (see
Chapter 6).
Confluence of Social Stressors: Social crises (e.g., terrorist attacks, natural disasters, racialized violence, and infectious diseases) and COVID-19 pandemic-related disruptions to workload
and schedules, added to formerly routine job functions and health
risks, have the potential to exacerbate mental health conditions
such as insomnia, depression, anxiety, and posttraumatic stress.
All of these conditions occur more frequently among women than
men.4 As multiple crises coincided during 2020, there is a greater
chance that women will be affected mentally and physically (see
Chapters 4 and 7).
Intersectionality and Equity: Structural racism is an omnipresent
stressor for Women of Color, who already feel particularly isolated
in many fields and disciplines. Attempts to ensure equity for all
women may not necessarily create equity for women across various identities if targeted interventions designed to promote gender
equity do not account for the racial and ethnic heterogeneity of
women in STEMM (see Chapters 1, 3, and 4).

This finding is primarily based on research on cisgender women and men.
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Impacts of the COVID-19 Pandemic during 2020
Finding 4

Finding 5

Finding 6

Finding 7

Academic Productivity: While some research indicates consistency in publications authored by women in specific STEMM disciplines, like Earth and space sciences, during 2020, several other
preliminary measures of productivity suggest that COVID-19 disruptions have disproportionately affected women compared with
men. Reduced productivity may be compounded by differences
in the ways research is conducted, such as whether field research
or face-to-face engagement with human subjects is required (see
Chapter 3).
Institutional Responses: Many administrative decisions regarding institutional supports made during 2020, such as work-fromhome provisions and extensions on evaluations or deliverables, are
likely to exacerbate underlying gender-based inequalities in academic advancement rather than being gender neutral as assumed.
For example, while colleges and universities have offered extensions for those on the tenure track and federal and private funders
have offered extensions on funding and grants, these changes do
not necessarily align with the needs expressed by women, such as
the need for flexibility to contend with limited availability of caregiving and requests for a reduced workload, nor do they generally
benefit women faculty who are not on the tenure track. Furthermore, provision of institutional support may be insufficient if it
does not account for the challenges faced by those with multiple
marginalized identities (see Chapters 3 and 4).
Institutional Responses: Organizational-level approaches may
be needed to address challenges that have emerged as a result of
the COVID-19 pandemic in 2020, as well as those challenges that
may have existed before the pandemic but are now more visible
and amplified. Reliance on individual coping strategies may be
insufficient (see Chapters 2 and 6).
Work-Life Boundaries and Gendered Divisions of Labor:
The COVID-19 pandemic has intensified complications related
to work-life boundaries that largely affect women. Preliminary
evidence from 2020 suggests women in academic STEMM are
experiencing increased workload, decreased productivity, changes
in interactions, and difficulties from remote work caused by the
COVID-19 pandemic and associated disruptions. Combined with
the gendered division of nonemployment labor that affected
women before the pandemic, these challenges have been amplified, as demonstrated by a lack of access to childcare, children’s
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Finding 8

Finding 9

Finding 10

Finding 11

heightened behavioral and academic needs, increased eldercare
demands, and personal physical and mental health concerns. These
are particularly salient for women who are parents or caregivers
(see Chapter 4).
Collaborations: During the COVID-19 pandemic, technology
has allowed for the continuation of information exchange and
many collaborations. In some cases technology has facilitated the
increased participation of women and underrepresented groups.
However, preliminary indicators also show gendered impacts on
science and scientific collaborations during 2020. These arise because some collaborations cannot be facilitated online and some
collaborations face challenges including finding time in the day to
engage synchronously, which presents a larger burden for women
who manage the larger share of caregiving and other household
duties, especially during the first several months of the COVID-19
pandemic (see Chapter 5).
Networking and Professional Societies: During the COVID-19
pandemic in 2020, some professional societies adapted to the
needs of members as well as to broader interests of individuals
engaged in the disciplines they serve. Transitioning conferences
to virtual platforms has produced both positive outcomes, such
as lower attendance costs and more open access to content, and
negative outcomes, including over-flexibility (e.g., scheduling
meetings at non-traditional work hours; last-minute changes) and
opportunities for bias in virtual environments (see Chapter 5).
Academic Leadership and Decision-Making: During the
COVID-19 pandemic in 2020, many of the decision-making
processes, including financial decisions like lay-offs and furloughs,
that were quickly implemented contributed to unilateral decisions
that frequently deviated from effective practices in academic
governance, such as those in crisis and equity-minded leadership.
Fast decisions greatly affected contingent and nontenured faculty
members—positions that are more often occupied by women
and People of Color. In 2020, these financial decisions already
had negative, short-term effects and may portend long-term
consequences (see Chapter 6).
Mental Health and Well-being: Social support, which is particularly important during stressful situations, is jeopardized by the
physical isolation and restricted social interactions that have been
imposed during the COVID-19 pandemic. For women who are already isolated within their specific fields or disciplines, additional
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Finding 12

social isolation may be an important contributor to added stress
(see Chapter 7).
Mental Health and Well-being: For women in the health professions, major risk factors during the COVID-19 pandemic in 2020
included unpredictability in clinical work, evolving clinical and
leadership roles, the psychological demands of unremitting and
stressful work, and heightened health risks to family and self (see
Chapter 7).
RESEARCH QUESTIONS

While this report compiled much of the research, data, and evidence available
in 2020 on the effects of the COVID-19 pandemic, future research is still needed
to understand all the potential effects, especially long-term implications. The
research questions represent areas the committee identified for future research,
rather than specific recommendations. They are presented in six categories that
parallel that chapters of the report: Cross-Cutting Themes; Academic Productivity
and Institutional Responses; Work-Life Boundaries and Gendered Divisions of
Labor; Collaboration, Networking, and Professional Societies; Academic Leadership and Decision-Making; and Mental Health and Well-being. The committee
hopes the report will be used as a basis for continued understanding of the impact of the COVID-19 pandemic in its entirety and as a reference for mitigating
impacts of future disruptions that affect women in academic STEMM. The committee also hopes that these research questions may enable academic STEMM
to emerge from the pandemic era a stronger, more equitable place for women.
Therefore, the committee identifies research questions for both understanding
the impacts of the disruptions from the COVID-19 pandemic and exploring the
opportunities to help support the full participation of women in the future.
Research questions listed under Cross-Cutting Themes tackle the overall
impacts of the COVID-19 pandemic on women’s participation in STEMM, particularly Women of Color, and the confluence of social stressors that were experienced during 2020. Academic Productivity and Institutional Response research
questions probe how policies and practices such as extensions may affect the
career trajectories of women, both short and long term. The challenges and
insights gained from work-life management, especially for parents and other
caregivers, are explored in the Work-Life Boundaries and Gendered Division of
Labor research questions. Collaboration, Networking, and Professional Societies
research questions cover several aspects of the changed nature of connectivity and
conferencing. Research questions about models of leadership and potential institutional change are included under Academic Leadership and Decision-Making.
Finally, research questions listed under Mental Health and Well-being consider
how colleges and universities can support their academic STEMM workforce.
during and after societal stressor events like the COVID-19 pandemic. The full
list of research questions is provided in Chapter 8.
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Emerging evidence suggests that the COVID-19 pandemic endangers the
engagement, experience, and retention of women in science, technology, engineering, mathematics, and medicine (STEMM). If these possibilities are not
outlined systematically and addressed intentionally, the COVID-19 pandemic
may have long-term impacts on the future of the STEMM workforce. Moreover,
if new opportunities for improving the engagement and retention of women that
have arisen during the course of 2020 are not explored, the capacity for building,
learning, and developing improved systems may diminish. Thus, just as the 2020
National Academies of Sciences, Engineering, and Medicine consensus study
report Promising Practices for Addressing the Underrepresentation of Women in
Science, Engineering, and Medicine: Opening Doors (the Promising Practices
report) called attention to the challenges that women in STEMM experience
and presented evidence-based recommendations to address the well-established
structural barriers that impede the advancement of women in STEMM (NASEM,
2020), this committee identified and illuminated the ways that the COVID-19
pandemic affected women in academic STEMM during 2020, and laid out a path
for future research for years to come.
The reason it is important to understand the potential effects of the COVID-19
pandemic on women is that there is clear evidence that advances in knowledge
and practice in the fields of academic STEMM benefit from a workforce composed of people who represent a diversity from multiple perspectives, including
gender, ethnicity, and ancestry. These perspectives contribute unique “vectors of
skills, experiences, and talents” to the STEMM enterprise (Page, 2007, 2008,
2019). Despite these observed benefits, there remains a paucity of women in
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STEMM, with both structural and institutional inequities contributing to women’s
persistent underrepresentation and undue burdens in academic STEMM fields.1
Recognizing the importance of diversity to knowledge production, public and
private agencies have invested heavily in efforts to diversify STEMM fields and,
over the past few decades there has been an absolute increase in the number of
women—particularly white women and, to a degree, Asian women—who have
earned degrees across the STEMM landscape. Although progress has been slower
for Black, Indigenous, and Latina women, there is no denying that the presence
of Women of Color in STEMM is expanding. However, given that STEMM fields
generally grant privilege to white, masculine norms, these advances in diversity
are not secure.
REPORT CONTEXT
To fully understand the context of this report, it is important to recall how
the COVID-19 pandemic upended almost all workplaces during 2020, including
higher education, where much STEMM work takes place. In March 2020, when
public health experts and U.S. government officials recognized the gravity of
the global pandemic, almost every college and university restricted in-person
activities such as teaching, research, and laboratory operations (Holshue et al.,
2020).2 Faculty members, many of whom had never experienced online education as instructors nor as students (Terosky and Gonzales, 2016), shifted to online
instruction; suspended human, laboratory, and field research; and discontinued
or adapted their service and mentorship work to a new mode of operation. Similarly, academic medical centers shifted focus to urgent operations in the face of
tremendous clinical demands while sustaining medical education through virtual
curricula. Almost immediately, the COVID-19 pandemic began to affect the
finances of colleges, universities, and academic medical centers; student access
and experiences; and faculty careers. Early in the COVID-19 pandemic, it seemed
likely that there were disparate and potentially lasting effects on women faculty,
staff, and scholars in higher education, especially women in STEMM (Collins et
al., 2020; Schreiber, 2020). For example, many women reported a rapid expansion of caregiving and domestic tasks, relative to pre-COVID-19 pandemic levels,
coupled with the quickly evolving and emotional demands related to virtual forms
1 Throughout this report, the term women is understood to broadly include all individuals who
identify as women. Furthermore, the committee is focused on gender, rather than sex, prompting the
use of “woman,” not “female.” Woman refers to a person’s gender, whereas female refers to a person’s
sex. Although these terms are often used interchangeably and can be related, they are discrete concepts. Gender is a nonbinary social construct, whereas sex is primarily considered a biological trait.
2 The first recognized detection of SARS-CoV-2, the virus that led to the COVID-19 pandemic, in
the United States was recorded in January 2020. The first case in China occurred in December 2019
(Holshue et al., 2020). Although some academic institutions did not give faculty members any choice
in teaching mode, many provided options for faculty who are in higher-risk brackets for COVID-19 to
teach remotely or in person as well as resources for faculty who need to teach from home.
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of teaching, mentoring, and research (Cardel et al., 2020a; Gabster et al., 2020;
Power, 2020). Throughout the course of 2020, these expectations did not subside:
women scholars continued to report tensions related to caregiving, household
management, and work, and caregiving was no longer part of a “second shift”
job, but concomitant with the “first shift” of their academic job.
The effects of COVID-19 during 2020 varied across STEMM disciplines.
Laboratory-based researchers reported being unable to do work due to the shutdown of laboratories (Korbel and Stegle, 2020), whereas researchers in computational biology, data science, mathematics, statistics, computer science, and
economics reported being able to continue work and collaborations, and reported
minimal decline in research time (Korbel and Stegle, 2020; Myers et al., 2020).
Some fields, like the geosciences, reported increases in paper submissions in 2020
(Wooden and Hanson, 2020). One survey indicated that many life scientists took
the opportunity to analyze data, write manuscripts or theses, or improve skills
through online coursework (Korbel and Stegle, 2020).
As summarized in the Promising Practices report, it is challenging to address and dismantle the persistent inequities experienced by women in academia
(Bickel, 2004; Holman et al., 2018; Mangurian et al., 2018; NASEM, 2020). As
that report concluded, bias, discrimination, and harassment are major contributors to the underrepresentation of women; it recommended that institutions create
a supportive working environment by allocating resources to support research,
teaching, advancement, and career development, and to create institutional structures that promote fairness and transparency. Overcoming unconscious bias is
linked to slowed decision-making (NASEM, 2020).3 However, given the accelerated time frames that many leaders faced during the initial response to the
COVID-19 pandemic in 2020 to transform their educational, research, and clinical environments, some of these deliberately slow processes might have seemed
impossible to implement.
Recognizing the strain of the COVID-19 pandemic on faculty, many colleges and universities quickly adopted policies such as tenure clock extensions
to relieve the pressure on pre-tenure colleagues. However, research shows that
while tenure clock extensions may be helpful to some, it is not a policy solution
that attends to all (Antecol et al., 2018; Gonzales and Griffin, 2020; Scott, 2016).
Importantly, the vast majority of faculty do not hold tenure-track appointments
(Curtis, 2019). Instead, non-tenure-track or contingent faculty, clinical faculty,
lecturers, research associates and scientists, and postdoctoral scholars together
account for about 73 percent of the entire academic workforce, including in
STEMM fields (AAUP, 2018, 2020a, 2020b; Curtis, 2019; Finkelstein et al.,
2016; Kezar et al., 2019). Moreover, women, and particularly Black, Indigenous,
3 For example, when hiring, best practices include posting all positions; using carefully considered
language in the job description; reflecting on and ranking the specific qualifications that are expected
and criteria that will be evaluated; encouraging search committees to recruit broadly and creatively;
and training members to mitigate their own biases (NASEM, 2020).
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and Latina women, are more likely to hold non-tenure-track faculty positions,
implying that tenure clock extensions have no bearing on their work arrangements and that they are also more likely to suffer temporary or permanent layoffs
(Chronicle Staff, 2020; Kalev, 2020; Kezar et al., 2019; Nzinga, 2020; Pettit,
2020b).4 Even for those on the tenure track, there is evidence that in some fields,
gender-neutral tenure-track extension policies actually widened the gap between
the tenure rates of women and men by increasing the tenure rate for men while
decreasing it for women (Antecol et al., 2018). For women striving to establish
themselves as STEMM professionals, hiring freezes at universities triggered by
the economic fallout resulting from the COVID-19 pandemic may also disrupt
the short-term career flow of Ph.D. candidates and postdoctoral scholars, as well
as the career aspirations of some tenure-track and tenured faculty and contract
renewal prospects for non-tenure-track faculty and staff.
Research suggests that when women are able to return to their professional
responsibilities, they may face heightened demands for support from students
as well as colleagues (Gonzales and Griffin, 2020). Before the COVID-19 pandemic, scholars established that women faculty do more work involving significant emotional labor, which includes affirming and mentoring students as
well as early-career or peer colleagues, and identifying key resources for these
individuals (Armstrong and Jovanovic, 2015, 2017; Bellas, 1999; Ruder et al.,
2018; Smith, 2019; Turner and González, 2011).
For academic Women of Color, especially Black women, the compounding
effects of racism during the COVID-19 pandemic in 2020 cannot be ignored.
Many Women of Color often face extraordinary expectations as one of a few
Faculty of Color, such as the perception that they can and do represent and serve
all People of Color. For Women of Color, research suggests explicitly that the
intersection of their racial and gender identities multiplies the expectations for
emotional labor and care work, as Students of Color and women students seek out
guidance from relatable role models (Moore et al., 2010; Porter et al., 2018). Although this work is incredibly important, it largely goes unrecognized in policies
and processes related to career advancement (Bellas, 1999; Gonzales and Ayers,
2018; Hanasono et al., 2019; Oleschuk, 2020; Power, 2020; Tunguz, 2016). If
institutions fail to recognize these additional dimensions of labor, women, and
particularly Women of Color, may become emotionally depleted, burned out, and
in need of additional support for their well-being, with less time and energy to
commit to it. During the COVID-19 pandemic, more than a quarter of women
in the workforce considered reducing their workloads, shifting their careers, or
leaving the workforce (Coury et al., 2020). Although this finding was based on
women working within the private corporate sector, there are similar stories in
higher education news and scholarly outlets (Cardel et al., 2020a; McMurtrie,
4 An informally gathered list of changes to tenure clock policies is available at https://docs.google.com/
spreadsheets/d/1U5REApf-t-76UXh8TKAGoLlwy8WIMfSSyqCJbb5u9lA/edit#gid=0&fvid=238051147.
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2020; Somerville and Gruber, 2020; Woolston, 2020a). This report arises out
of the need to expeditiously identify, name, and document how the COVID-19
pandemic affected the careers of women in academic STEMM during the initial
9-month period since March 2020 and what the potential downstream effects
might be. Preliminary evidence indicates that disruptions in 2020 could have
both short- and long-term consequences that will likely vary across institution
type (e.g., community colleges, baccalaureate-granting institutions, doctoralgranting and research universities, Historically Black Colleges and Universities,
Hispanic-Serving Institutions, and Tribal Colleges and Universities); career stage
or focus (e.g., graduate student; postdoctoral scholar; medical resident; clinician;
tenure-track, tenured, full-time non-tenure-track, and adjunct faculty); academic
rank (e.g., assistant professor, associate professor, full professor); and personal
characteristics, including family structure, caregiving responsibilities, and behavioral health status.
BEYOND THE COVID-19 PANDEMIC
The COVID-19 pandemic was devastating in so many ways, but it was not
the only major event affecting the nation in 2020. Although the primary focus of
this study is the COVID-19 pandemic’s potential impacts on women’s STEMM
career trajectories, the committee recognized several contextual elements that actively intensified the immediate effect of the COVID-19 pandemic, including the
effects of anti-Black racism, the economic recession triggered by the COVID-19
pandemic, and the sudden importance of technology-mediated interactions. While
this report was motivated by and focuses almost entirely on the COVID-19 pandemic, other large-scale disruptions (e.g., climate change–related events, severe
economic recessions, or other novel infectious disease outbreaks) will continue
to be risks that the scientific enterprise faces. In that regard, this report may prove
useful in responding to future crises.
Racism
While racism is intertwined in every aspect of American life and the history
of racism in the United States is well documented, the summer of 2020 marked an
awakening for many people, particularly white people, about the deep historical
roots and pervasive nature of racism in this country. It is important to recognize
and understand the always-present impacts of discriminatory practices and behavior—particularly anti-Black and anti-Indigenous racism—in the United States
and globally. Indeed, even when looking at the demographics of lives lost to the
COVID-19 pandemic, there are wide inequities observed by race and socioeconomic factors, especially for Black, Latinx, and Indigenous Americans (APM
Research Lab Staff, 2020). For example, the Centers for Disease Control and
Prevention’s November 30, 2020, update on ratios of hospitalization and death by
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race/ethnicity demonstrated that Hispanic/Latinx persons, non-Hispanic American Indian/Alaska Native persons, and non-Hispanic Black/African American
persons experienced between 1.4 and 1.8 times as many cases, approximately 4
times the number of hospitalizations, and more than 2.5 times as many deaths
compared with white, non-Hispanic individuals (CDC, 2020a).5
Black women incurred unique burdens during 2020. Articles from June
and October 2020 described the increased stress and terror that some Black
women experienced as a result of being immersed in a climate with persistent
racism, being the target of anti-Black sentiments, and feeling compelled to speak
out to validate and support Black Lives Matter activities, all compounded by
effects of the COVID-19 pandemic (Flaherty, 2020g; McCoy, 2020). Because
the COVID-19 pandemic has led to disproportionate numbers of Black people
becoming ill or dying, Black women also report feelings of deep despair as the
virus impacts the lives of friends and relatives or their own health (McCoy, 2020).
One outcome of the increased attention and public discussion of systemic
racism in the United States during the summer of 2020 was an increased focus
on anti-racism as an approach to addressing, preventing, or mitigating harms
within university systems (Belay, 2020; Gray et al., 2020; Taylor Jr. et al., 2020).
Contrary to being not racist, which is a neutral stance that can nonetheless perpetuate racism through inaction, a person or institution that is anti-racist actively
addresses and supports policies that dismantle inequities between all marginalized populations (Kendi, 2019). Taking an anti-racist approach to understanding
university systems and supports requires institutions to scrutinize the systemic racial bias that is endemic within the fabric of their own organizational culture, specifically policies and practices and the communities served, as well as nationally.
Often, workplace diversity practices do not analyze racial oppression or commit to disrupting it from a structural perspective (Ahmed, 2012; Zschirnt, 2016).6
Research does indicate that proactively hiring diverse staff and leadership across
many attributes—ancestry, gender, sexual orientation, and personality type—results in increased levels of creativity, innovation, and effective problem solving
(Page, 2007, 2008, 2019). By understanding racial oppression as a structural
occurrence, rather than the result of individual acts of prejudice, it is possible
to confront the root causes of racial disparities (Cassedy, 1997; McSwain, 2019;
Pager and Shepherd, 2008). Therefore, the committee could not ignore how racism and gender come together to uniquely affect Black women, among other
Women of Color, in the context of this study. In that regard, the committee used
the concept of intersectionality—a lens for understanding how social identities,
especially for marginalized groups, relate to systems of authority and power—to
help it examine the possible ways that the COVID-19 pandemic is affecting
Women of Color specifically.
5
6

Ratios are given as age-adjusted rates standardized to the 2000 U.S. standard population.
Workplace diversity refers to demographic variation within an organization’s staff and leadership.
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Economy
Gender-specific disruptions resulting from the COVID-19 pandemic are apparent in virtually every sector of the economy (Alon et al., 2020a, 2020b). Overall, women have been forced out of the workforce at a higher rate than men and
were more likely to report they will need to leave the workforce if their children’s
school systems did not have in-person classes in fall 2020 (FRB, 2020; Heggeness, 2020). Disconnecting women in academia from these household issues is
simply not possible. As is discussed throughout this report, these economy-wide
effects on women are likely a result of the historic gender imbalance of household
and caregiving duties persisting into the COVID-19 pandemic (Miller, 2020).
It was clear before the pandemic that one of the most important challenges to
a convergence in opportunities for persons of any gender in the workplace was a
need for flexibility—in compensation schemes, work arrangements, and scheduling, among other considerations (Goldin, 2014). On one hand, the inflexibility
of many COVID-19 pandemic-related policies (e.g., social distancing), alongside
women’s greater willingness to abide by these policies, is proving a challenge
for women in virtually every industry (Coury et al., 2020). On the other hand,
the growth of more flexible work arrangements in remote work environments
and with dynamic work schedules could prove to be important testbeds for the
technologies and work-related contracts that have long been needed to allow for
equitable opportunities for all genders in all workplaces.
Technology
Technology has assumed mixed roles during the COVID-19 pandemic, especially as students, faculty, researchers, and others attempt to restore work activity. In some respects, technology has facilitated increased access to conferences,
collaborations with scholars outside their institutions, and delivery of content
for courses in novel and creative ways (Gottlieb et al., 2020; Niner et al., 2020).
However, technology has also resulted in creating workplaces that often have
less clarity related to boundaries between personal and professional lives. It has
forced households that typically had one or two individuals using the internet
at the same time to adjust to a new reality in which adults engaged in work and
students involved in classwork are competing for bandwidth, forcing families to
make larger investments in internet capacity (Bacher-Hicks et al., 2020; Stelitano
et al., 2020; Vogels et al., 2020). For many, especially contract-based faculty,
undergraduate and graduate students, and postdoctoral scholars, economic barriers can strain equitable access to sufficient Wi-Fi or other internet access. Thus,
whereas this may seem like a minor inconvenience for some academics, it can be
consequential for others (Zahneis, 2020).
Finally, women in STEMM face excessive sexual harassment and other
forms of discrimination (NASEM, 2018), a phenomenon not isolated to in-person
interactions (Barak, 2005). A key contribution of the 2018 National Academies
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report on harassment of women was to point out that sexual harassment most
commonly involves sexist remarks and behaviors, something that in-person interactions are not necessary to perpetuate. Technology can provide a harasser
with additional access to a target, including the ability to monitor a target’s
whereabouts and be in constant communication, which may exacerbate feelings
of powerlessness for a target (Southworth et al., 2007). Some evidence suggests
that the impact of sexual harassment in the online setting (Gáti et al., 2002) mirrors that experienced offline (Harned and Fitzgerald, 2002).
STUDY PROCESS
In August 2020, the National Academies assembled an ad hoc study committee to build on the Promising Practices report and examine early indicators
of the impacts of the COVID-19 pandemic on the careers of women in academic
STEMM fields. The full Statement of Task for the committee is provided in
Box 1-1.
Recognizing the preliminary nature of the data and evidence available during
the course of the study, the committee discussed several key aspects regarding the
interpretation of the Statement of Task. The committee also recognized the importance of defining key terms and their consistent use in the study process and report
(see Box 1-2 and Glossary). In particular, the committee interpreted “STEMM
academic careers” to include all faculty (tenure-track and non-tenure-track), postdoctoral scholars, and graduate students, and STEMM was determined to reference

BOX 1-1
Statement of Task
An ad hoc committee of the National Academies of Sciences, Engineering,
and Medicine will undertake a fast-track study focused on early indicators of the
potential impact of the COVID-19 pandemic on the careers of women in academic
science, engineering, and medicine (STEMM). Building on the information and
data in the recent National Academies report Promising Practices for Addressing
the Underrepresentation of Women in STEMM, the committee will commission
research papers to identify and analyze disruptions experienced by women in
STEMM academic careers during the early stages of the COVID-19 pandemic.
It will also hold a public workshop and conduct its own analyses on the ways in
which COVID-19 is amplifying the disruptions encountered by women in STEMM
academic careers, such as those related to child and family caregiving responsibilities. Based on the commissioned papers, workshop presentations, and its own
analyses, the committee will issue a consensus report with findings that reflect
what has been learned through its work as well as recommendations for further
study and investigation.
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BOX 1-2
On the Use of Language
During the study process and drafting of the report, the committee recognized
the importance of defining terms that may be unfamiliar to some readers or are
used variably across contexts (see Glossary for full list). Four terms used in this
report merit particular attention.
•

•

•

•

Academic STEMM workforce, for purposes of this report, includes all
individuals in a STEMM field employed at a college or university in an
academic position, including tenure-track and non-tenure-track faculty,
among others with teaching, research, clinical, outreach, extension, or
other “engagement” responsibilities. Where noted, this may also include
postdoctoral researchers and graduate students.
Intersectionality is a field of study and an analytic lens that makes visible
the mutually constructive and reciprocal relationship among race, ethnicity,
sexuality, class, and other social positions that influence one’s experiences
(Collins, 2015). In this report, it is used as a lens to help understand how
social identities, especially for marginalized groups, relate to systems of
authority and power. Intersectionality is rooted in Black feminism and Critical Race Theory: in reference to historic exclusion of Black women, legal
scholar Kimberlé Williams Crenshaw used intersectionality to describe
the intersection of gender and race discrimination, arguing that treating
them as exclusive, and not intertwined, renders the multiple marginalities
faced by Black women invisible to antidiscrimination law (Carbado, 2013;
Crenshaw, 1989, 1991, 2014).
People of Color is an evolving term that emerged in the 1960s, which now
includes a broader group of individuals such as Black, Latinx, Asian, Mexican, Japanese, Chinese, and other groups that share a common societal
place of either feeling or actually being marginalized (Pérez, 2020). For
purposes of this report, People of Color refers to all individuals specifically
identifying as Black, Latinx, and American Indians/Alaska Natives.
Woman refers to any person who identifies as a woman, including, but not
limited to, cisgender women, transgender women, and nonbinary women.
“Woman” refers to a person’s gender, whereas “female” refers to a person’s sex. Although these terms are often used interchangeably and can
be related, they are discrete concepts. The committee uses gender-first
language except where specifically noted that the research discussed is
referring to sex.
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all sciences, engineering, mathematical, and medical fields.7 The committee strove
to solicit balanced information regarding both positive and negative impacts of the
disruptions of the COVID-19 pandemic, seeking not just to illuminate hardships but
also to highlight potential opportunities for growth or innovation. The preponderance of the preliminary data and evidence available at the end of 2020, however,
indicate overall negative effects on the careers of women in academic STEMM
during the first several months of the COVID-19 pandemic.
In addition, much of the preliminary evidence available on the effects of the
COVID-19 pandemic on women in academic STEMM may be evidence of the
effects on all women, particularly working women. In many cases, the effects
described also affected men in academic STEMM. Where possible, care has been
taken to acknowledge if the data and evidence are only available for women in
academic STEMM, or if the evidence provided supports findings for a broader
population. If available, comparative resources that may provide insights into
differential impacts by gender, context, or other defining attribute are discussed.
However, because it fell outside of the Statement of Task, the committee did not
specifically pursue research on the differential impacts on academic men or on
nonacademic women.
The Promising Practices report provided nuanced observations about both
common traits and unique characteristics of different fields within STEMM, as
well as detailed overarching recommendations. This committee strove to provide
similar insights from the data and evidence available in 2020. While some distinctions are described throughout the report, the committee acknowledges that
more information and understanding about how women in different fields within
STEMM were affected during 2020 and beyond will come with time.
The Promising Practices report also emphasized the importance of understanding the intersectional identities of Women of Color and women from other
marginalized groups.8 The committee therefore also recognized the importance
of understanding the effects of the COVID-19 pandemic on women in academic
STEMM through an intersectional lens. As discussed previously, this was additionally important because of the concurrent events that elevated the discussions
around racism, especially anti-Black racism, during 2020.
Commissioned Papers
To inform its deliberations, findings, and research questions, the committee
commissioned five papers. Each paper focused on a unique aspect of how the
COVID-19 pandemic has affected women STEMM academics during 2020. At
7 The committee determined that the specific nuances of careers in technology were being addressed
by other studies. The committee, however, decided to use the acronym “STEMM” throughout the
report.
8 Intersectionality is a lens or analytical framework for understanding how aspects of an individual’s
social identities, especially for marginalized groups, relate to systems of authority and power and the
complexity of the prejudices they face.
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the time the papers were commissioned, the committee reviewed preliminary
evidence on the potential impact of the COVID-19 pandemic. Furthermore, the
committee wanted to explore responses to the pandemic that did not exacerbate
preexisting issues (many of which are highlighted in the Promising Practices
report), or lead to regression of limited gains in diversity, equity, and inclusion
made over the past several decades, and that could identify opportunities and
potentially lead to more resilient and equitable higher education systems. The
five overarching topics of the papers as commissioned (and their authors) are
as follows: the Impact of COVID-19 on (1) Tenure Clocks, the Evaluation of
Productivity, and Academic STEMM Career Trajectories (Felicia A. Jefferson,
Matthew T. Hora, Sabrina L. Pickens, and Hal Salzman); (2) Boundary Management, Work-Life Integrations, and Domestic Labor (Ellen Kossek, Tammy
D. Allen, and Tracy Dumas); (3) Collaboration, Mentorship and Sponsorship,
and the Role of Networks and Professional Organizations (Rochelle Williams and
Misty Heggeness); (4) Academic Leadership and Decision-Making (Adrianna
Kezar); and (5) the Mental Health and Well-being of Women in STEMM (C. Neill
Epperson, Elizabeth Harry, Judith G. Regensteiner and Angie Ribera).
The following six chapters are based on the final drafts of these five papers.
Each chapter provides key insights about how the COVID-19 pandemic has
affected the careers of women in academic STEMM fields. Chapter 2 sets the
stage for the ensuing chapters and presents the results of a survey conducted in
October 2020, providing a window into the very personal perspectives offered
by respondents;9 Chapters 3 through 7 approach the core concept of how the
COVID-19 pandemic has affected the careers of women in academic STEMM
fields from different disciplinary perspectives. Chapters 3 through 7 each review
literature and concepts established before the COVID-19 pandemic, summarize the
preliminary evidence and data on the impacts of the COVID-19 pandemic during
2020 from the perspective of that field, and—where possible—speculate about potential long-term implications. Taken together, these six different approaches form
a single, unified description of the potential impacts of the COVID-19 pandemic
on the careers of women in STEMM during 2020.
Cross-Cutting Themes and the Use of Data and Evidence
Beyond their core focus, each commissioned paper also considered a set of
cross-cutting themes that the committee identified: historical perspectives that
may inform the current and future contexts; national focus on racism; the role
of technology throughout the COVID-19 pandemic; and the organizational and
operational contexts of colleges and universities, including financial, leadership,
and accountability. The commissioned authors were also asked to take a distinctively intersectional lens, although the preliminary data and evidence were not
9 Details about the survey are provided in Chapter 2 and Appendix A. The survey was designed and
fielded by Ellen Kossek, Tammy D. Allen, and Tracy Dumas.

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

24

IMPACT OF COVID-19 ON THE CAREERS OF WOMEN IN ACADEMIC STEMM

always available for this approach. Although each paper may not have been able
to address all the themes, the committee considered them collectively to best understand the impact of the COVID-19 pandemic on women in academic STEMM.
All the commissioned paper authors were asked to provide explicit descriptions of the sources of data and evidence that they used in writing their papers,
including the considerations they used to select or exclude sources and how they
analyzed the evidence. This request was made because of the overall recognition
by the committee that the data and evidence available to the authors are still
emerging. The committee did not, however, specify or limit the authors as to how
they chose their data sources and welcomed well-documented quantitative and
qualitative scholarship, as well as historically relevant information.
Each paper was presented for public discussion during a series of webinars in
November 2020.10 In the final chapter of this report, the committee has elevated
major findings from across all the chapters, as well as research questions that
the committee determined to be of key importance to furthering the overall understanding of the effects of the COVID-19 pandemic on the academic research
careers of women in STEMM and the potential opportunities to create a more
equitable and resilient higher education and research system. Given the preliminary and evolving nature of the data and evidence available during 2020, the
committee was not tasked with and does not make recommendations for policy
changes or actions individuals or institutions should take.
ABOUT THE REPORT
This report is intended to provide nuanced insights and “grounding” about
the COVID-19 pandemic’s varied effects on women in STEMM across different institutional types and at different stages of their career as understood at the
end of 2020. Academic leaders and key decision makers may be able to use the
preliminary information gathered through this study and laid out in this report to
inform new policies or adapt current ones to be more responsive to the challenges that women in academic STEMM are experiencing. The preliminary
information and experiences assembled in the subsequent chapters may inform
the decisions that academic leaders, funders, other interested stakeholders, and
both current and aspiring academics will continue to have to make over the
course of the COVID-19 pandemic. Therefore, the committee identified, named,
and documented preliminary evidence available to them to provide a framework
that might help academia be attentive to the yet-unknown long-term impacts
of the COVID-19 pandemic, especially on the academic careers of women in
STEMM.
Beyond the COVID-19 pandemic, confounding and unexpected issues
such as racial unrest and attention to natural disasters have already spurred
10

This series of webinars comprised the “Workshop” referenced in the Statement of Task.
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departmental committees, special councils, and task forces, and have identified
new training needs, all of which will take time and require examination. By the
end of 2020, preliminary evidence indicated that it is possible for leaders within
institutions to learn from the COVID-19 pandemic experience. These lessons
may include how to investigate acute issues that require immediate response
and connect layers or aspects of their institutional infrastructure that may have
been barriers to the retention and advancement of women in STEMM academic
careers all along. In the same way that the Promising Practices report guided this
report’s examination of immediate effects of the COVID-19 pandemic on women
in academic careers, identifying key questions about the longer-term effects of the
COVID-19 pandemic can create a research agenda that will better prepare higher
education institutions to respond to disruptions and explore opportunities in the
future in ways that support the full participation of women. These are questions
that must be asked, investigated, and answered with an equity lens.
Over the longer term, there are two certainties. First, there will be future
disruptions—local, national, global, environmental, social, and political—that
will test the principles and resilience of institutions of higher education. Second, STEMM fields will contribute to society to their maximum extent only if
the well-being of women in these fields does not suffer significantly from these
disruptions.
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October 2020 Women in STEMM
Faculty Survey on Work-Life Effects
of the COVID-19 Pandemic1

COVID-19 has prevented me from working face to face with students and colleagues, traveling for work, and working in the lab, all of which are critical
to my work as an experimental astrophysicist.
– STEMM woman faculty member (rank unknown)
Because I work from home, I have to hole up in my bedroom for work meetings, and because my husband and I both work full time, jobs that require
meetings with other people, we constantly have to switch back and forth between roles. I get an hour or two for some Zoom meetings, then it’s my turn
to play kindergarten teacher for two hours, then I might get another hour or
two to work. The constant task switching is mentally challenging and makes
it hard to dive deep into any work task or accomplish anything that requires
sustained attention for a longer period of time.... There are no boundaries
between personal and professional life anymore. I really miss going to my
office for many reasons, but being able to compartmentalize work and home
….is one of them.
–STEMM woman associate professor

1 This chapter is based on the commissioned paper “Boundaryless Work: The Impact of COVID-19
on Work-Life Boundary Management, Integration, and Gendered Divisions of Labor for Academic
Women in STEMM,” by Ellen Ernst Kossek, Tammy D. Allen, Tracy L. Dumas.
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The biggest challenge the committee faced in trying to identify positive and
negative effects of the COVID-19 pandemic on women in academic science, technology, engineering, mathematics, and medicine (STEMM) for this report was the
lack of data, which was not surprising given that the committee was engaged in its
work as the COVID-19 pandemic was still raging. This chapter includes findings
from a national faculty survey conducted in October 2020 to examine the effects
of the COVID-19 pandemic on women STEMM academics and that was conducted to gather original and timely data on post-COVID-19 pandemic work-life
boundary and domestic labor issues specific to women in STEMM.2 This survey
asked women faculty in STEMM fields to compare how the COVID-19 pandemic
has affected them between March 2020 and October 2020.
PREFERENCES AND CHANGES IN
NUMBER OF DAYS WORKING AT HOME
The survey asked respondents to indicate their preferred and actual number
of days working at home or on campus, both pre- and post-COVID-19 pandemic.
Regardless of family or personal demographics, tenure status, rank, or caregiving responsibilities, women faculty reported working at home an average of 3.9
days compared with 0.66 days before the COVID-19 pandemic. In general, the
preferred number of days working at home was significantly lower than the current number of days working at home, across all respondents.
Women faculty with children reported spending more time working at home
than faculty without children at home.3 Although women faculty with childcare
responsibilities worked at home significantly less than their counterparts before
the COVID-19 pandemic, they worked at home significantly more than their
counterparts without children once the COVID-19 pandemic began. For many
working parents, this was more often than they preferred.
Changes in Boundary Control
Boundary control, defined as the ability to control the permeability and flexibility in time, location, and workload between work and nonwork roles to align
with identities (Kossek et al., 2012), is linked to important outcomes, such as
work-family conflict and job turnover (work-life boundaries are covered more
2

Details about the survey methodology are available in Appendix A.
While the vast majority of institutions closed in-person operations due to state or local mandates
at some point during 2020, the designation of faculty as “essential workers,” requirements for remote
work, and both online teaching and in-person teaching expectations varied, as did the duration of
the closures.
3

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

OCTOBER 2020 WOMEN IN STEMM FACULTY SURVEY

29

fully in Chapter 4). Across the sample of women STEMM faculty, all reported
significantly lower levels of boundary control after the COVID-19 pandemic
began than before, and women faculty with childcare responsibilities reported
significantly lower levels of boundary control during the COVID-19 pandemic
than their women counterparts without children, including those with eldercare
responsibilities.4
Survey respondents echoed these quantitative changes in their comments
collected as part of the qualitative portion of the survey. Some 25 percent of
the respondents wrote about experiencing a lack of boundary control when it
came to preventing interruptions, particularly when scheduling teaching or
managing virtual videoconference meetings. One example of this related to
the inability to control family boundaries interrupting work demands during
synchronous teaching. As a full professor, married with children, bemoaned,
“… my son had a meltdown 5 minutes before my Zoom class was supposed to
start.” Another example of difficulties in managing boundary control involved
trying to work and multitask while caring for children, which women ended
up doing more often than their men spouses. One associate faculty member
stated the following:
I teach synchronously via Zoom. My husband is home and does the same
thing. He and I have some classes that overlap, which means that I must
frequently teach with my daughter in the room with me. She’s too young to
understand how much I need her to play independently during class time,
and I have lost a lot of a sense of professionalism with my students, because
they see me getting constantly interrupted with comments like “Mommy, I
went poop!!”
Changes in Blurring of Work-Life Boundaries
Slightly more than half of the respondents mentioned having problems managing boundaries between work and personal life since the COVID-19 pandemic
began. More than one-third of total respondents reported they were experiencing
high boundary permeability as mentally and cognitively stressful to regulate.5
Examples included the following:
• Blurred boundaries between work and family roles. For example, an assistant professor who is married and managing childcare comments, “They
are happening simultaneously. I am working, and I am caring for my
4
5

Details about the analysis used for the survey results are available in Appendix A.
For an example mirroring this issue in academic medicine, see: Strong et al. (2013).
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1-year-old. I am answering emails while making dinner. I am recording
lectures while he naps. There are no boundaries, as everything happens at
the same time and in the same space.”
• A lack of time buffers between role transitions. For example, a married
assistant professor without children stated, “Working from home, I log in
and start looking at emails and responding to questions soon after waking up. The personal time that was earlier needed to get ready and commute to work provided the much-needed buffer between work and daily
activities.”
• Difficulties detaching from work when working at home. For example, an
assistant married professor without care demands noted, “I’m always at
home. Everything occurs at home. It’s harder to turn off at the end of the
day because there is no longer an end of the day.”
• Limited space to create physical boundaries, including space for a separate office. For example, an assistant married professor with no children
stated, “I don’t have a closed office at home, since we can’t afford a
place that large. My husband has to work from home even without the
pandemic, so he gets the one spare room. This means I have more distractions, kitchen noise, road noise, and a spouse who keeps walking into my
‘office’ at all hours. It is manageable, but psychologically is harder for me
to keep the lines blurred, especially since I am just in my living room.”
EFFECTS OF THE COVID-19 PANDEMIC ON WORK
PRODUCTIVITY, WELL-BEING, CHILDCARE AND
HOUSEHOLD LABOR, AND ELDERCARE
Effects on Work Productivity
The survey asked respondents how the COVID-19 pandemic has affected
their personal and professional work outcomes, with the results summarized in
Figure 2-1. Almost three-quarters of the participants mentioned the negative impact of the COVID-19 pandemic on their work. The most commonly mentioned
top negative effects were the following:
• Increased workload resulting from more meetings, longer hours, more
emails, and need for extended availability (27 percent). As one partnered
faculty member without children commented, “I feel like my workload
has increased by 50 percent. I’m not able to keep up. I am worn out and
tired of having to constantly apologize for being late.”
• Decreased work effectiveness (25 percent), with examples including decreased productivity, decreased efficiency, always being behind schedule,
having tasks take much longer, and finding it hard to focus.
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FIGURE 2-1 Summary of effects of COVID-19 on the work effectiveness and productivity of women in academic STEMM from the October
2020 survey.
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• Poorer social interactions with peers and students (20 percent).
• Adverse effects on teaching and research (20 percent).
Other concerns were not having enough time to work and decreasing resources and support, such as pay cuts, furloughs, worries about research funding, and tenure outcomes and delays. (These topics are covered more fully in
Chapter 3.)
Effects on Personal Well-being
Two-thirds of the respondents reported a negative impact on personal wellbeing, and 25 percent reported a decline in psychological well-being, regardless
of rank and personal demographics. A married full professor with no children
commented, “[I have] enormous stress—from work, family, trying to figure out
how to work remotely… coping with an ever-changing array of rules, protocols,
scenarios, problems.” Similarly an assistant professor who is living with a partner
stated, “There’s a major increase in stress and anxiety as I feel like I’m working
more/harder and accomplish[ing] less. This stress has taken a serious toll on my
personal well-being.” More than 6 percent of the respondents said the COVID-19
pandemic was causing a lack of sleep. One assistant professor with children
described being “constantly stressed that the lack of lab productivity will cause
me to not get tenure. I lose sleep over it.” (See Chapter 7 for more information
on these topics.)
Effects on Childcare
Figure 2-2 summarizes the challenges and coping strategies related to childcare demands reported in the survey. Nearly three-fourths of responding faculty
with children reported a negative effect from increased childcare demands. A key
reason for this is that 90 percent of women faculty were handling a majority of
school and childcare demands. Only 9 percent of women reported that they shared
childcare demands equally with their spouse, and only 3 percent said they had
help from a babysitter, nanny, or tutor during the COVID-19 pandemic. Approximately 10 percent of the sample reported being the primary caregiver for children
in their homes even if they were married to another professional. The effects of
the pandemic were not all negative, as approximately 13 percent of the women
respondents mentioned positive effects of the COVID-19 pandemic on family
life, such as enjoying more family time together, ease in managing work-family
demands, not having to dress for work, and a shorter commute.

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

FIGURE 2-2 Challenges and coping strategies related to childcare demands reported in the October 2020 survey.
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Childcare Feasibility, Accessibility, and Affordability
As a result of the COVID-19 pandemic, many respondents reported avoiding
outside childcare because they were concerned about viral spread in childcare
facilities. Some faculty reported an increased financial burden resulting from
childcare needs, and some women reported they continued to pay for spots in
childcare centers to prevent from losing their spaces while shouldering home
schooling and childcare responsibilities themselves. A married assistant professor
with young children shared the following:
We are trying to stay in our bubble, so we don’t have any childcare for our
two kids. We don’t want to bring in babysitters or have day care unless absolutely necessary. But this means the kids are with us all the time except
about 10 hours of in-person school a week.
Those who desired to use outside childcare reported difficulty finding it.
Examples from the survey include the following:
This is bonkers. I cannot find childcare for my youngest (three years old)
and my older two children are remote learning for kindergarten and second
grade. Babysitters/nannies in this area have raised their prices and now the
starting rate is $20/hour and for three kids with remote learning duties have
been offering $30-40/hour and still have not found someone to help. So since
March, my husband and I have been simultaneously performing parenting
full time and working full time. It is fundamentally exhausting.
– Associate professor, married with children
My husband and I are both pre-tenure faculty and we have two young children at home. We are both trying to maintain jobs that want to demand 150
percent of our time when we are having to split shifts (two hours in the home
office then swap and two hours with the kids).
– Assistant professor
My husband and I both work full time jobs, remotely. We live in an 800-squarefoot apartment in XXX. My 5-year-old is doing blended learning. We have to
maintain our jobs and step in as kindergarten teachers (for a kid who absolutely does not want to do remote school work). There is so much more work
to do to care for our kids (we lost our hired caregiver when the pandemic
started) and only one adult can do work for their paid job at a time because
the other has to watch our kids. In the spring, when this started, I had to stay
up working very late into the night every single night to just barely keep my
head above water and stay on top of my work.
– Associate professor
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Home Schooling and Increased Household Labor Stress
More than 41 percent of the respondents reported that home schooling
increased their workload and stress. More than one-third of the entire sample,
regardless of caregiving demands or relationship status, reported strain from increased cooking, cleaning, and other domestic demands. One associate professor
described the following:
I am on the verge of a breakdown. I have three children doing virtual schooling full-time who need my attention throughout the day; they all have different
break schedules and seemingly interrupt me every 10 minutes. I want them to
learn and thrive and I try to make these difficult circumstances for them as
positive as possible, which means giving more of myself and my time to them. I
try to wake up before them and work after they sleep, but this is hard given they
wake up at 7 AM for school and don’t go to bed early (they are 13, 11, and 8).
There are sports/activities, dinner, homework/reading, etc. All the things that
keep my evenings busy when they were in school, but now it is all day.
Children’s Heightened Behavioral and Academic Needs
and Relational Strain
Some respondents indicated that their children across all ages, even into high
school, were not adjusting well to remote learning and the disruption to their
regular schedules. Therefore, some children needed more academic assistance
from their parents and others acted out, further disrupting the faculty members’
ability to work. These challenges also put a strain on relations between children
and parents, and children and spouses in the household.
As a professional engineer working in academia, and single mother of three
girls, the pandemic has radically changed everything. Although I spend
more time with my girls, their mental health has deteriorated significantly
with online school and very minimal contact with friends. Our social bubble
with one other family (kids same age and gender) has been the only outlet.
Even if there were enough hours in the day, I simply do not have the mental
bandwidth to be a full time homeschooling mom, housekeeper, instructor,
researcher, and family member (maintaining my family relationships from a
distance—parents, sister, etc.).
– Associate professor, single with children
Being able to focus, and constantly shifting schedules to deal with kids and
my husband’s job. My 7-year-old is struggling with being home all the time
and having a baby at home. So on top of the scheduling challenges, she is
having way more behavioral problems than normal, which makes it even
harder to work.
– Assistant professor, married with young children
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On the negative side, I have children in school attempting to do virtual learning; this has been very difficult to manage while still trying to work myself. I
have had to spend anywhere between one and three hours per day managing
their virtual school activities. My husband does not feel as obligated and
does not perform these tasks related to checking their schoolwork. I have lost
sleep trying to make up for these lost working hours after the kids are in bed.
– Assistant professor, married with children
My son, although fairly independent as a high school student, is not adjusting well to virtual learning. His grades do not at all indicate his understanding of the content of his classes. He is finding it difficult to understand what
the teachers are looking for through his virtual interactions with them. This
has produced the need for frequent difficult family conversations that did not
exist pre-COVID.
– Full professor, married with children
I also feel like I’m being put in the role of a mean mommy telling them they
have to work extra at the end of the school day because they didn’t get their
work done during the day. I know that if they were physically in the classroom, the teachers would see them not being focused and the teachers could
be the one encouraging them to work more efficiently. I guess I’m concerned
about how online schooling is impacting my relationship with my kids.
– Associate professor, married with children
Eldercare and Sandwiched Care
Some 56 percent of the respondents reported increased eldercare demands,
and nearly a quarter of those with elderly relatives reported increased stress
from not being able to visit them. Figure 2-3 provides a summary of the challenges and coping strategies related to eldercare demands reported in the survey.
Responses generally reflected three issues: demands associated with moving the
family member from their initial care facility either to another facility or to have
their parents move in with them to avoid exposure to the COVID-19 pandemic;
the need to provide increased domestic support, such as household cleaning or
ordering groceries, to minimize their elder’s risks to the COVID-19 pandemic or
the loss of paid support to provide eldercare; and concern over distance from the
family member for the family member’s well-being. As one married assistant
professor with both childcare and eldercare (“sandwiched care”) responsibilities
noted, “I need to shop, cook, and provide all support for healthcare visits for
both parents, one who died unexpectedly in July and has left us grieving on top
of all this. Now mom is at home alone and needs more support and love in the
middle of all this.”
Another associate professor faculty member noted she was constantly
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FIGURE 2-3 Challenges and coping strategies related to eldercare demands reported in the October 2020 survey.
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stressed by the “inability to be able to fly back home to take care of [her parent]
(or if bad things happened later). The anxiety of being stuck far away and not
even knowing if I can attend the funeral on time is too high.” A full professor
who is unmarried reported that her parents are also exhibiting increased stress,
resulting from “cancelled doctor appointments, more difficulty getting them care,
multiple hospitalizations, move to facility, no visitation at facility, more mood
disorder, isolation, unable to get services to home due to fear of COVID.”
COPING STRATEGIES FOR BLURRED
BOUNDARIES AND DOMESTIC LABOR
Many faculty actively used separation tactics to manage the boundary between work and home. Figure 2-4 summarizes boundary management tactics
and other coping strategies that survey respondents have adopted during the
COVID-19 pandemic. The most popular separation tactic involved the use of
technology to hide the home space during videoconferencing, whereby faculty set
up video meeting backgrounds to protect home privacy. The second most common separation strategy was having a separate office at home if space permits,
such as turning a dining room into a designated office or setting up a computer in
a guest room. However, some faculty respondents did not have a space that was
conducive for work and sometimes needed to manage boundaries with family in
ways children may not fully understand. A married assistant professor with young
children shared the following:
I have a workspace set up in my walk-in closet, and I purchased a folding
screen to put behind me so others can’t see my dirty laundry or items all
over the floor. I’ll shut the door to the closet so the cats and kids stay out
when I’m “at work.” But if I need an extra level, the closet door leads into
the bathroom so I’ll close the bathroom door, which has a lock on it for extra
assurance. However, my 5-year-old has figured out how to stick a bobby pin
into the knob to pop the lock open when she’s desperate.
Respondents also used email boundary management as a means of limiting
availability for work communications during nonwork times, with some faculty
members physically removing or turning off work emails from their smartphones.
Other respondents used one device for work and another for personal use. Some
of these physical technology boundaries were combined with spatial boundaries.
Individual Temporal Strategies to Manage Working Time
Since most academic institutions did not have any policies or approaches in
place to create a culture that helps faculty avoid overworking, many faculty had
to self-regulate and triage new ways of coping with managing work and nonwork
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FIGURE 2-4 Boundary management tactics and other coping strategies reported in the October 2020 survey.
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boundaries on their own, given their workload increased exponentially. Those
with children in particular had to self-manage and engage in significant time
restructuring to manage their heavier workload with childcare. The most common coping strategy, particularly for those with children, was working outside of
standard hours and around children’s schedules, which resulted in extended availability to work and long hours. Some respondents reported getting up early in the
morning and working late at night when children were sleeping, and to a lesser
degree, just sleeping less. As one associate professor with children commented,
she and her spouse now “go ‘back to work’ after the children are in bed and it is
still not enough time to keep on top of everything.” Another assistant professor
with children commented on the demands of juggling childcare/e-learning: “I
can’t get work done productively during the day, so work bleeds over until late
evening. Regularly work from 9-midnight and start at 3 AM now.”
Another temporal strategy for those with children involved setting up a
coordinated work schedule with a partner, with periods of integration and separation to cover shared caregiving. Others organized their household with shared
calendars with a spouse, if married, or blocked out time from work to take care of
their children’s schooling needs. An assistant professor with children commented:
My children have one remote learning day a week in their K–12 public
school. I blocked off this time on my work calendar as a private appointment. I wanted to keep this time free to be available to help my children. As
they settle into their remote learning routine, I find that I can work next to
them. I am so glad I thought ahead to block off this time so that I am not
torn between sitting with my children or being in another room occupied
with a video meeting.
Some faculty set aside weekends to take off from work and allow for recovery, though enforcing this break was not always easy to accomplish.
Reducing Time Allocated for Self-Care
Given limited time, many faculty are putting their family’s well-being ahead
of their own. Many mentioned they have no time for themselves, as well as a lack
of social support. While some respondents did mention self-care strategies such
as taking walks, exercising, and meditating, many reported unhealthy strategies.
As one married assistant professor with children explained, “I have had to reduce
my sleep to a bare minimum (2–3 hours), forgo exercise or time to myself, and
endure significant stress and anxiety.”
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ACTUAL VERSUS DESIRED UNIVERSITY
ACCOMMODATIONS POST-COVID-19 PANDEMIC
Faculty respondents reported three main ways that academic institutions
helped manage challenges associated with the COVID-19 pandemic:
• Giving faculty the option to work remotely.
• Extending the tenure clock.
• Allowing faculty to choose their preferred mode of teaching, whether
online, remote, hybrid, or face-to-face.6
Given the sudden, unprecedented onset of COVID-19 pandemic challenges,
some faculty reported that their academic institutions focused on testing and health
issues (McAuliff et al., 2020) but did not have a plan or clear policies in place
to help faculty working remotely. For example, at some institutions there was no
infrastructure for childcare, school for children, or ways to continue research or
reduce teaching demands. Switching to online instruction dramatically increased
faculty members’ workload. For example, faculty members needed to learn new
technologies and redesign entire classes for remote learning almost overnight,
something that is likely to change higher education for decades (Alexander,
2020). Furthermore, because of variance in student internet access and schedule
control from home, faculty needed to deliver content both synchronously and
asynchronously, resulting in the need for additional measures, such as recording
lectures and remaining available for student interaction outside of normal class
time or office hours (Alexander, 2020).
Lack of Caregiving and School Support
When asked how their academic institutions could improve in their handling
of the COVID-19 pandemic, some faculty stated their academic institutions could
have done a much better job of providing childcare, help with their children’s
schooling, and financial support. Though these were the supports faculty wanted,
few academic institutions provided them. Instead, most academic institutions took
a hands-off approach. An assistant professor with children stated the following:
Many faculty were expected to manage childcare demands by themselves.
We were told to have backup childcare this semester in case schools closed
(they are virtual part time), but they haven’t offered any options or financial
support for this in a town where daycares already had a >12 month waiting
list pre-COVID, and they stopped allowing kids on campus.
6 Although some academic institutions did not give faculty members any choice in teaching mode,
many provided options for faculty who are in higher-risk brackets for COVID-19 to teach remotely
or in person as well as resources for faculty who need to teach from home.
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Moreover, the underinvestment of some academic institutions in childcare
support became more apparent when the COVID-19 pandemic began. As one
faculty member with children commented,
Our on-campus childcare situation is terrible, too little capacity and historically not high-quality care. With the onset of the pandemic, it was closed and
some schools at the university stepped up and provided additional childcare
subsidies to families who needed them, but it was not centralized or universal
across the university. HR is now being entirely restructured so perhaps it
will end up being more comprehensive, inclusive, and proactive. There is in
general an utter lack of proactive care of people’s needs.
Finally, a handful of faculty commented that their academic institutions were
not culturally supportive of family life. As one faculty member stated, “My university does not care about families. They don’t even mention issues with childcare in messaging and blamed the lack of affordable childcare on ‘community
partners.’ It has always been a problem here, which is probably why we have so
few women as professors.” Such comments suggest that maybe the COVID-19
pandemic could be a catalyst for institutions to reinvest in new solutions to foster
gender equality (Malisch et al., 2020).
Workload Reduction
One suggestion raised by a few respondents was to reduce teaching and
service demands for those with childcare and eldercare responsibilities, and
to modify research expectations for tenure, given the COVID-19 pandemic. A
number of respondents stated that they did not feel that a tenure clock extension
was an effective means of reducing workload during the COVID-19 pandemic.
Rather, those respondents noted that what they needed was an acknowledgment
that these years will result in much lower productivity.
HIGHLIGHTS FROM NON-TENURE-TRACK
FACULTY RESPONSES
Although the intent of the survey was to focus on tenure-track faculty members whose research was largely stopped by the COVID-19 pandemic, there
were some insights gained from the responses of non-tenure-track faculty who
are also facing difficult career challenges. Most of these faculty members were
lecturers and clinical professors who bore the burden of heavy course revision
to a virtual format.
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Negative Work Effects on Non-Tenure-Track
Women Faculty in STEMM
Similar to the women faculty who are tenured or on the tenure track, about
three-fourths of non-tenure-track faculty mentioned the negative effect of the
COVID-19 pandemic on their work productivity. The top two most mentioned
negative impacts on work productivity were increased workload and decreased
work effectiveness, which were similar to the same top concerns of tenure-track
and tenured faculty. While the academic tenured and tenure-track faculty’s third
most common concern was on the negative effects of the COVID-19 pandemic
on social interactions with peers and students, for non-tenure-track faculty the
third most common concern mentioned was a negative effect on teaching. Key
concerns included a large increase in workload and stress resulting from technology problems, having to offer multiple formats to students, developing new
content, and a lack of clear directions from administrators on decisions that could
help planning. The following are three sample illustrative comments highlighting
these issues:
I feel like I am not as effective at instructing students as I was pre-pandemic
or even during the quarantine period of the pandemic. Currently, with offering flexible solutions for students, I am pulled in too many directions and
spend 2–3 times the amount of prep time on lectures and materials. Trying
to deliver content to students in class AND online has been a tremendous
challenge and I feel like I waste about 20 minutes out of every 75-minute
lecture just trying to get the technology to work properly. I’m working at
least 12 hours a day either developing materials for both types of instruction
or trying to get caught up on grading assignments and providing adequate
feedback to students. Even my weekends are now rarely my own, since this
is the only time I can record content for some of my courses.
– Senior instructor, married with children
Added much more STRESS to life. Working more hours at home than I would
ordinarily put into my day when I went to campus. Had to learn technology
quickly and by myself for the most part (adult children were helpful, too).
Spring I tried asynchronous instruction which was a LOT of work and students were not pleased at all. Changed to synchronous instruction in summer
and currently and overall a much more pleasant and satisfying solution to the
problem. Had to figure out on-line labs in spring which was a total disaster
and most unsatisfactory for both me and the students. As a program, we did
not offer labs in summer until we were able to meet face to face beginning in
July. Labs are face to face this fall so only issues are that some students are
quarantined and miss at least two labs minimum, and yet must be counted
as “excused.”
– Senior lecturer, married without caregiving responsibilities
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Early in the pandemic (March and April), there was so much communication (much of it contradictory) from department, college, and university level
admin that we were jerked every which way almost every day. Admin seemed
to think you could totally redesign your course on a dime in the middle of
the semester, and sent us ads from third-party vendors, as well as constantly
changing policy edicts and requests for information. This pushed me to work
10–12 hours per day, seven days per week, and resulted also in very unhappy
students. The stress was unbearable, and by June I was in ICU with a stroke.
Thankfully I have recovered sufficiently to keep working. But I fault the university for the amount of stress they caused.
– Anonymous, married with eldercare
Less than 5 percent of women faculty who are not on the tenure track mentioned worrying about job security because their job is dependent on contract
renewal or funding. Examples of the concerns that were expressed included the
following:
Our institution is facing mandatory 10 percent budget reductions. I am in a
vulnerable position as a nontenured academic lecturer (despite 25+ years’
experience at this institution, women faculty member in STEM field). So,
who knows? I try to be grateful I have a job, a job I enjoy, and I am healthy.
– Senior lecturer, married without caregiving responsibilities
There is no guarantee whether I can have a postdoc in the next six months
because it all depends on my supervisor and the funding agency. There is no
fallback in these times of pandemic.
– Postdoc, married with children
Non-Tenure-Track Faculty Desired University
COVID-19 Pandemic Organizational Supports
In general, the views of tenure-track and non-tenure-track faculty were similar
regarding how academic institutions were helping women faculty manage challenges associated with the COVID-19 pandemic and how their academic institutions could improve. However, non-tenure-track women faculty noted that some
of the accommodations their academic institutions are offering, such as extending
the tenure clock, simply did not apply to them because of their employment status.
I’m not feeling my institution is encouraging work-life integration as a
whole. My immediate supervisor is very supportive of my decision to work
exclusively from home. A few “atta-boys” are tossed by the Provost to thank
faculty for their flexibility with coping with challenging times, but no real
differences implemented EXCEPT allowance to take 2 personal days this
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semester. That’s nice BUT the semester is already one week longer than in
the past. And, if you teach every day, which day am I to take off??
– Senior lecturer, married without caregiving responsibilities
In reality, the flexible work schedules, reduced schedules, job-sharing and
alternate work duties options they offer simply do not apply to teaching
faculty, especially those that rely on their income to support their family.
– Assistant professor of practice, married without caregiving responsibilities
While there was no consensus on the further practices academic institutions
could adopt to help non-tenure-track faculty beyond the same workload reduction
and childcare recommendations that some tenure-track faculty wanted, it appears
that extra teaching support for grading and technology support for converting
courses to virtual formats might allow non-tenure-track faculty to have respite
from their higher teaching loads.
CONCLUSIONS
Between March and November 2020, there was little guidance regarding
institutional policies—both structural and cultural—that indicated what will be
most helpful (see Chapter 6 for more on this topic). Tenure clock extensions were
widely implemented as policies to address the COVID-19 pandemic productivity
challenges (see Chapter 3 for more on this topic). However, these policies were
implemented without addressing the disparities in increased caregiving and jobrelated workload that women faculty across all ranks and job status are facing.
Previous research reported that gender-neutral tenure clock stop policies reduce
women’s tenure rates while increasing men’s tenure rates (Antecol et al., 2018).
For tenure-track faculty, this means that tenure clock extensions may not have a
positive effect on women’s careers, and may have an adverse effect on women’s
tenure achievement and the retention of women faculty. Based on the findings of
the survey, it is clear that some faculty believe that tenure clock extensions alone
will not be sufficient to help pre-tenure faculty manage the negative career effects
of the COVID-19 pandemic.
This survey aligns with others that have been conducted during 2020. For
example, in a survey of 608 scientists, approximately one-third of nontenured
assistant professors were dissatisfied with their work-life balance during
COVID-19, while 26.5 percent of associate professors and 10.8 percent of fulltime professors expressed dissatisfaction (Aubry et al., 2020; Wallheimer, 2020).
Two-thirds of respondents believed that temporarily stopping the tenure and
promotion clock would be helpful (Aubry et al., 2020; Wallheimer, 2020).
The survey results presented here also highlighted how the COVID-19 pandemic is affecting multiple aspects of employees’ lives, including outcomes
related to personal well-being and those of their children and partners. Showing
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organizations and teams how to respect others’ management of work-life boundaries (see Chapter 4) and to preserve others’ needs for boundary control may help
prevent burnout. While the mental health of most employees has been taxed during the COVID-19 pandemic, it is affecting women disproportionately compared
to men (see Chapter 7). Work support interventions, such as greater administrative
help in managing the added demands associated with learning new technology
platforms for online teaching, are critical in reducing stress. These types of interventions may dovetail well with family support interventions that help faculty
with managing schooling and childcare demands.

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

3
Academic Productivity and
Institutional Responses1

INTRODUCTION
This chapter focuses on the potential direct and indirect effects that the
COVID-19 pandemic may have on career trajectories of women in the science,
technology, engineering, mathematics, and medicine (STEMM) academic workforce.2 The COVID-19 pandemic’s potential influences on women’s careers will
likely affect distinct aspects of academic work, including research, teaching, and
service. Women in various appointment types (e.g., tenure-track faculty, postdoctoral scholars) are expected to engage in these activities at different levels
and toward different goals. For example, whereas the postdoctoral researcher is
likely focused on building a research program that will position them for a future
faculty position, a tenure-track faculty member’s work profile will include a mix
of teaching, research, and service and be oriented toward promotion to associate
or full professor. It is critical, then, to account for these various appointment types
to understand how the COVID-19 pandemic has the potential to affect women
situated at different points of the academic trajectory.
Women, in fact, are distributed across the academic workforce in distinctive
ways. One study, for example, found that white women, followed by Asian women,
hold the vast majority of women’s tenure-track appointments (Finkelstein et al.,
2016). Meanwhile, Black, Indigenous, and Latina women tend to be concentrated
1 This chapter is primarily based on the commissioned paper “The Impact of COVID-19 on Tenure
Clocks, the Evaluation of Productivity, and Academic STEMM Career Trajectories,” by Felicia A.
Jefferson, Matthew T. Hora, Sabrina L. Pickens, and Hal Salzman.
2 For this chapter, the STEMM academic workforce includes tenure-track and non-tenure-track
faculty, postdoctoral researchers, and graduate students.
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among the non-tenure-track appointments, especially in the part-time ranks
(Banasik and Dean, 2015; Wilkerson, 2020). With Black, Indigenous, and Latina
women situated in the most vulnerable ranks of the academic work force, it is
critical to acknowledge that the COVID-19 pandemic is not affecting all populations in the same way. Rates of infection and death are greatest among Black,
Indigenous, and Latinx communities, with Black people dying at 2.1 times the
rate of white people (CDC, 2020a) and People of Color representing 78 percent
of deaths among people under the age of 21 (Bixler, 2020). Given the disparate
rates of documented cases and death caused by the COVID-19 pandemic, it is
important to recognize that academics who are Black, Latinx, Indigenous, and
other People of Color, especially those women situated in non-tenure-eligible appointments, may be experiencing additional stressors with likely effects on their
productivity and outcomes.
To the extent possible, this chapter also considers how women academics
situated in various types of institutions are experiencing the effects of the
COVID-19 pandemic. Just as appointment type shapes an academic’s work
portfolio, so does institutional type. For example, Minority-Serving Institutions
(MSIs) champion broad access missions, which means that they enroll large
numbers of Students of Color, first-generation college students, and students
from economically vulnerable backgrounds (NASEM, 2019a); these student
characteristics play a role in shaping faculty work experiences and expectations.
Academics working in small liberal arts colleges are likely to have experienced
the teaching-related effects of the COVID-19 pandemic more than a postdoctoral
researcher working in a research university laboratory, for example.
BROADER LABOR MARKET EFFECTS
OF THE COVID-19 PANDEMIC
To contextualize how COVID-19 has the potential to affect women’s academic careers and trajectories, it is helpful to consider the pandemic’s overall
gendered labor market effects. Recent economic recessions in the United States
resulted in employment losses that were larger for men than women (Hoynes et
al., 2012), but the recession triggered by the COVID-19 pandemic has affected
women’s employment more substantially than it has men’s employment (Alon et
al., 2020b). As of October 2020, the share of women who are working is the lowest since the mid-1980s, when labor force participation among women was lower
but still rising (Kochhar, 2020). There are several reasons why this recession has
hit women harder than men, but a major contributor is the higher concentration of
women employed in low-wage jobs requiring face-to-face customer interactions
(Allegretto and Cooper, 2014; Entmacher et al., 2014).
There is some optimism on the part of business leaders that the COVID-19
pandemic will lead to greater opportunities for women and People of Color
to advance professionally; employees, however, are more skeptical. A survey
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conducted by Catalyst: Workplaces that Work for Women, in partnership with
Edelman Intelligence, queried 1,100 U.S. adults in full-time employment between
June 1 and 5, 2020, about their beliefs regarding the pandemic and gender equity in the workplace (Catalyst, 2020a). The respondents included 250 business
leaders of large companies and 850 employees of large multinational companies.
While the survey was not focused on women in academic STEMM fields, the
data highlight relevant differences between employers and employees by gender.
Women employees were somewhat more likely than men employees to express
skepticism that their employer is fully committed to taking the action necessary
to create a more inclusive work environment for women. Regardless of gender,
more than twice as many employees, compared to business leaders, were more
likely to report fear that the COVID-19 pandemic would negatively affect their
prospects for promotion.
The ultimate effects of the COVID-19 pandemic on the working population,
in light of shutdowns and furloughs, can be seen as a “career shock,” which is
defined in vocational psychology as a “disruptive and extraordinary event” that
occurs outside of an individual’s control and “triggers a deliberate thought process concerning one’s career” (Akkermans et al., 2020). Studies of the effect of
recessions on labor markets finds a “scarring” effect on careers—with diminished
income and career advancement—even when delays in entering or losing employment result from structural factors in the economy rather than individual factors.
EFFECTS OF THE COVID-19 PANDEMIC
ON ACADEMIC PRODUCTIVITY IN 2020
The COVID-19 pandemic affected the current and future academic workforce, which includes postdoctoral scholars, non-tenure-track faculty, and tenuretrack faculty among others with teaching and researching responsibilities. At the
end of summer 2020, the Bureau of Labor Statistics reported the largest-ever
decline in college and university employment: “At no point since the bureau began keeping industry tallies in the late 1950s have colleges and universities ever
shed so many employees at such an incredible rate” (Bauman, 2020). Moreover,
because of declines in revenue from tuition, campus housing, athletics, and other
sources, colleges and universities have instituted hiring freezes (UCB, 2020;
UMR, 2020).
While many equate the notion of academic productivity with research-related
products (e.g., publications, grants), academic productivity is much broader and
varies by both appointment and institutional types. For example, faculty career success may involve taking on several types of demanding roles, including
successfully writing and receiving large grants, running research laboratories,
publishing in top journals, serving on many committees and engaging in public outreach, seeing patients if in clinical medicine, and mentoring and teaching large numbers of students (Kossek et al., 2019–2021). Non-tenure-track
teaching faculty members are more likely to hold heavier teaching and service
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responsibilities. In the context of the COVID-19 pandemic, faculty members
may be more concerned with their ability to provide high-quality instruction to
students and to be evaluated for their instruction accordingly. Acknowledging
that there are many forms of productivity, much of the emergent data concerning productivity available in 2020 focused on research productivity, as discussed
below. In addition, the measures themselves may not reflect the relative value or
importance of research and academic work (Bauerlein et al., 2010).3 Longer-term
effects of the COVID-19 pandemic could include the influence of changes in
academic productivity on the career trajectories of STEMM researchers.
Effects of the COVID-19 Pandemic on Academic Productivity
and Careers of Early-Career STEMM Researchers
Although the evidence as to how COVID-19 will impact opportunities in the
academic STEMM workforce was still developing, studies in 2020 found that
STEMM academic researchers, especially postdoctoral scholars, were deeply
concerned about their future. For example, in a worldwide survey of 7,670
postdoctoral researchers in academia, approximately 61 percent of respondents
believed their career options were negatively affected by the COVID-19 pandemic (Woolston, 2020c). Twenty-five percent of the respondents felt uncertainty
regarding their future professional research careers. Entering the workforce during a recession, such as the one caused by the COVID-19 pandemic, may lead
to higher rates of unemployment and lower wages compared with graduating
during healthy or neutral economic times. Potential outcomes include a 2 percentage point higher unemployment rate (Rothstein, 2020); a 10 percent wage
gap that took an average of 8 years to close (Oreopoulos et al., 2012); and other
effects such as employment in smaller firms and lower occupational attainment
at higher rates for individuals from lower socioeconomic status groups (Kahn,
2010; Kawaguchi and Kondo, 2019; Kondo, 2015; Schwandt, 2019). One group
of researchers found “a large degree of heterogeneity in the costs of recessions”
(Oreopoulos et al., 2012, p. 26).
Other postdoctoral researchers expressed uncertainty about their visas expiring, which has inhibited them from completing their research and publishing their
findings (Woolston, 2020c). In addition, international STEMM scholars have
voiced increased concerns about their inability to travel across borders as a result
of COVID-19 pandemic-related travel restrictions (Woolston, 2020c). Respondents to the survey of postdoctoral scholars were also concerned that institutions
would rescind offers as a result of the pandemic.
In addition to concerns about opportunity and stability of the academic
workforce, early-career scholars have expressed concerns about competing in a
3 It should also be noted that there are well-established disparities in academic publishing by
gender (e.g., Raj et al., 2016) and race (e.g., Mendoza-Denton et al., 2017), as well as gender biases
in citations.
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job market given their reduced productivity. For example, some STEMM disciplines require field research or laboratory studies. Loss of data during entire field
seasons, for example, could be catastrophic for long-term studies, as well as for
completing a dissertation, postdoctoral project, or a scholar’s early publications
that can lead to academic jobs (Inouye et al., 2020). Given that disruptions in the
early phases of a career can lead people to departing a profession and/or falling
behind in terms of accomplishments and prospects for advancement, these effects on postdoctoral students and other early-career scientists should be a cause
for concern among STEMM professionals, funding agencies, and postsecondary
institutions (Shaw and Chew, 2020). Alternatively, those in mathematics, statistics, computer science, and economics had less of a decline in research time
compared with those in experimental sciences (Myers et al., 2020). Trainees also
used the COVID-19 pandemic as an opportunity to hone skillsets, attend virtual
conferences, and participate in online learning; 72 percent of experimental science trainees and 50 percent of computation science trainees reported gaining
from virtual learning during the pandemic’s shutdowns (Korbel and Stegle, 2020).
Effects of the COVID-19 Pandemic on Academic Productivity
and Careers of Women STEMM Scholars
During 2020, the COVID-19 pandemic appeared to compound longstanding
challenges and barriers that have faced women and contributed to their continued
underrepresentation in STEMM, such as the persistence of gender bias in peer
review, hiring, and promotions, and of gender-based stereotypes (Beede et al.,
2011; Ertl et al., 2017). This could affect the careers of women across academia
and particularly in the STEMM fields (Hansen, 2020).
As discussed further in Chapter 4, women are more likely than men to be
responsible for childcare at home, adding to the challenges associated with overcoming inequalities in the academic workplace (Bianchi et al., 2012; Oleschuk,
2020).4 These challenges were reflected in measures of productivity that varied
by discipline. Only 29 percent of computational life scientists and 10 percent of
experimental life scientists reported more than 80 percent productivity (Korbel
and Stegle, 2020), and those in experimental sciences across disciplines (e.g.,
biochemistry, biological sciences, chemistry, and chemical engineering) reported
having 30 to 40 percent less time in research compared with prepandemic levels
4 Even before the pandemic, far more women in STEMM fields left their professions (43 percent)
compared with men (23 percent) after having their first child (Cech and Blair-Loy, 2019), and women
generally shouldered more childcare and household responsibilities than men did (Jolly et al., 2014).
As a result, scholars are calling on postsecondary institutions to provide childcare supports, increase
funding opportunities, and carefully manage tenure and promotion criteria for women faculty (e.g.,
prioritize women-authored papers, monitor teaching and service responsibilities) (Cardel et al., 2020a,
2020b). See Chapter 4 for a detailed discussion on work-life boundaries and household labor before
and during the COVID-19 pandemic.
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(Myers et al., 2020). These reductions in research time were not tied strongly to
career stage or facility closures but instead to gender and having young dependents (Myers et al., 2020). By occupying more experimental scientist positions,
and accounting for childcare duties, women scientists reported even less productivity than men (Korbel and Stegle, 2020; Myers et al., 2020).
Early studies on academic publishing may also reflect differences in
childcare responsibilities, with women’s share of first and overall authorship
in COVID-19 pandemic-related papers having decreased by 23 percent and 16
percent, respectively (Andersen et al., 2020), “whereas no significant differences
in productivity were reported by men” (Krukowski et al., 2020). An analysis of
all Elsevier journals also showed signs of gendered effects of the COVID-19
pandemic, especially in health- and medicine-focused journals (Squazzoni et al.,
2020). In particular, the number of manuscripts submitted during the COVID-19
pandemic was significantly higher for men than for women compared with
submissions in 2018 and 2019. In addition, researchers investigating gender
disparities in published research during the COVID-19 pandemic found that,
compared with models predicting authorship for women based on data from
2019, the proportion of women authors publishing on all topics as the first
author decreased by 4.9 percent (Muric et al., 2020). The proportion of women
writing on COVID-19 pandemic-related topics as the first authors dropped by
44.5 percent compared with baseline predictions of anticipated authorship among
women, and when observing the authors regardless of the order, the proportion
of women writing about the COVID-19 pandemic dropped by 15.4 percent
compared with the baseline (Muric et al., 2020).
Other studies indicated that authorship and productivity might be dependent
on discipline and field. While productivity and research time was shown to be
heavily affected by gender and dependents (Myers et al., 2020), the American
Geophysical Union (AGU) showed that the proportion of annual AGU journal
submissions from women remained the same from 2018 to 2020, while the absolute number of year-to-date submissions increased from 2,632 submissions to
2,790 submissions from 2018 to 2020 (Wooden and Hanson, 2020). The study
on the AGU journal submissions hypothesized that the increase in virtual collaboration encouraged larger teams and thereby resulted in increased team gender
diversity.
Of particular concern is the effects of the COVID-19 pandemic on the careers
and professional advancement of women in academic medicine, who have been
forced to address a highly stressful and potentially dangerous workplace on top
of added responsibilities at home (Madsen et al., 2020). When clinical workloads
increase, faculty in academic medicine reduce their participation in scholarly
research activities, such as publishing papers, writing grants, and completing research studies (Mullangi et al., 2020). In addition, women in academic medicine
are more likely to have teaching-related roles instead of funded research positions
(AAMC, 2016; Pololi, 2010), which translates into higher clinical workloads than
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many men bear. This disparity is likely a key aspect leading to the differential
effects of the COVID-19 pandemic on women in academic medicine.
Effects of the COVID-19 Pandemic on Academic Productivity
and Careers of STEMM Scholars of Color
While the specific effects of the pandemic on the careers of Scholars of Color
had yet to be documented by the end of 2020, early signs indicate that preexisting
inequalities are being exacerbated by negative effects on the financial situations
of Scholars of Color and work-life balance (see Chapter 4 for further discussion
of work-life balance). At least one author has noted that persistent disparities
in funding for Black scientists by the National Institutes of Health (NIH), low
numbers of Black women in science, and institutional racism were preexisting
stressors that the COVID-19 pandemic and the civil unrest sparked by the killing
of George Floyd only exacerbated (Carr, 2020). Addressing these disparities calls
for institutional responses such as targeted recruitment and retention of Black
women in STEMM fields, thereby creating an environment that encourages and
nurtures diversity in collaboration and talent, a sense of belonging for Black
women in STEMM, and positive morale for the institution’s current and future
researchers (Carr, 2020). Other authors have suggested that institutions of higher
education need to more proactively support and invest in student-faculty mentoring relationships, access to professional development, and engagement in robust
research opportunities for Women of Color (Ong et al., 2011).
Effects of the COVID-19 Pandemic on Teaching and Mentoring
During 2020, women faculty have reported having less time for advising,
mentoring, and research because of their increased caregiving responsibilities
(Anwer, 2020; Malisch et al., 2020). Specifically, women reported having had
the same amount of course workload with the additional burden of transitioning their courses into a remote setting, while simultaneously experiencing the
increased burden of dependent care. In another study, researchers interviewed
25 U.S. women faculty members and 55 Italian women faculty members, all
of whom had children (Minello, 2020). These women reported reductions in
their research productivity that was caused, in part, by the need to devote more
attention to teaching online courses, which was difficult with small children in
the home. Both real-time and asynchronous online teaching were interrupted by
children’s demands, cries, or other background noise. As a result, women faculty
have less time for two other major aspects of their professional lives, mentoring
and research (Kramer, 2020a; Minello, 2020; Zimmer, 2020).
According to an interim report on the COVID-19 pandemic and engineering
education presented by American Society for Engineering Education, only 53
percent of faculty surveyed agreed they were given adequate resources from their
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institution to transition to online teaching. Most institutions did not reduce teaching load or advising and mentoring loads in response to the COVID-19 pandemic
(Gruber et al., 2020). However, learning to teach remotely required more time
from faculty (Alexander, 2020; ASEE, 2020).5 It remains to be seen what the
long-term effects of university professors transitioning to teaching hybrid online/
in-person or entirely remote classes are or how these effects may be disaggregated
using an intersectional framework.
Effects of the COVID-19 Pandemic and
Institutional Context on Academic Productivity
A considerable body of empirical evidence exists demonstrating that resources, including federal research grants, are disproportionately allocated to
high-prestige research universities (Taylor and Cantwell, 2018, 2019). In fact,
approximately 50 percent of all STEMM research funding goes to about 100 doctoral-granting institutions, leaving the other 3,900 U.S. institutions—including
community colleges, regional comprehensive universities, and MSIs—competing
with one another for the remaining funds. Furthermore, researchers have documented considerable disparities in state and federal funding for Historically Black
Colleges and Universities (HBCUs), with many state governments prioritizing
predominantly white institutions (Boland and Gasman, 2014; Minor, 2008), leaving MSIs operating with less institutional support for STEMM research activities.
The effect of the COVID-19 pandemic on individual STEMM scholars likely
depends not only on their race, gender, or disciplinary affiliation but also on
the type of postsecondary institution where they work. Consequently, it can be
hypothesized that a STEMM researcher at an HBCU, where scholars typically receive less research funding and have higher teaching loads than at predominantly
white research universities, may have fewer opportunities to publish in the midst
of a crisis such as the COVID-19 pandemic. However, future research will be
required to isolate the effects of institutional affiliation on academic productivity
during the pandemic, if such differences do exist.
EFFECTS OF INSTITUTIONAL RESPONSES TO THE COVID-19
PANDEMIC ON ACADEMIC CAREERS AND PRODUCTIVITY
Postsecondary institutions find themselves in uncharted territory financially
as a result of the COVID-19 pandemic, and they have responded in several ways,
including reducing overtime work hours for nonfaculty members, eliminating
merit increases, reducing salaries of leadership members, obtaining additional
5 Although some academic institutions did not give faculty members any choice in teaching mode,
many provided options for faculty who are in higher-risk brackets for COVID-19 to teach remotely
or in person as well as resources for faculty who need to teach from home.
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governmental funding through the CARES Act (Coronavirus Aid, Relief, and
Economic Security Act), and altering tenure and promotion policies. In addition
to college and university changes in policies, many funders are allowing extensions on projects and other adjustments as necessary. A number of authors offered
suggestions to institutions for how to address growing inequalities as a result
of the COVID-19 pandemic (Cui et al., 2020; Guatimosim, 2020; Kibbe, 2020;
Malisch et al., 2020; Oleschuk, 2020). One opinion piece, for example, offered
10 rules that women principal investigators could follow during the COVID-19
pandemic (Kreeger et al., 2020). These rules include a suggestion to find peer
groups of women to provide support, saying no to nonessential responsibilities,
dropping certain projects and tasks, and pushing back on demands to be more
productive. Another opinion piece proposed solutions that include reevaluations
of tenure-track and academic evaluation policies (Malisch et al., 2020). In reviewing the institutional responses to the challenges caused by the COVID-19
pandemic in 2020, it is important to consider not just the differential effects on
women and People of Color, but also in the capacity of different institutions to
respond and support women and Faculty of Color.
Funding Extensions
If principal investigators were unable to complete their research within the
original time frame, many funders were more flexible and allowed no-cost extensions, revisions to the original budget, or even costed supplemental extensions in
some cases (NIH, 2020b; UCL, 2020). For example, the NIH allowed clinicians
to extend their research work if they postponed a career development award to
aid frontline workers. In addition, NIH did not withdraw funding if there was a
delay in starting a research project (NIH, 2020b). Although many funders modified their policies to allow greater flexibility to researchers in 2020, laboratory
closures and other delays will extend the time of the research projects, and thus
findings and publications, which may affect academic productivity. Moreover,
even though funder policies allow for flexibility in project extensions, there was
often no additional funding to support for staff and graduate students over the longer project period. No-cost extensions, in particular, often do not account for the
salaries incurred by staff and trainees while they are unable to conduct research.
Promotion and Tenure Policies and Decisions
At least some institutions strove to account for the wide range of direct and
indirect effects of the COVID-19 pandemic on academic productivity and careers. For example, a variety of colleges and universities (Chronicle Staff, 2020),
such as Stanford University, University of Texas, and University of Washington,
extended the tenure clock (Stanford University, 2020; UT System, 2020; UW,
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2020).6 At the University of Wisconsin–Madison, policies exist to extend tenuretrack periods arising from extenuating circumstances, such as family health issues (Pribbenow et al., 2010). The University of Texas at Austin’s updated policy
states, “All tenure-track faculty are eligible to extend their probationary period
for one year due to the negative impact of COVID-19.”
However, extending the tenure clock tends to put off financial incentives and
career advancement and freedom (Pettit, 2020a). As a result, while extensions
during the COVID-19 pandemic may be important for some faculty members,
they can also be unhelpful for career trajectories. Instead of extending the tenure
clock, another approach could be to reward junior faculty for engaging in other
avenues of research to which they could lend their expertise, such as studies
related to the COVID-19 pandemic (Connolly, 2020). In addition, scholars of
higher education have recommended that academic leaders be mindful of how the
immediate transition to virtual teaching and learning may have taken a negative
toll on faculty teaching evaluations and the potential subsequent effects on faculty
promotions (Gonzales and Griffin, 2020). It has also been suggested that faculty
document “how and what they learned while teaching through COVID-19” and
detail the emotional effect they have experienced since caring for students to a
different degree compared with before COVID-19 (Pettit, 2020a). While 1-year
extensions and grant extension flexibility are helpful, overall, the differential effects for women may not be sufficient to address the added caregiver status and
home responsibilities that affect work-life integration.
CONCLUSIONS
The effect of the COVID-19 pandemic on academic productivity and
career trajectories cannot be adequately evaluated without acknowledging the
intersecting identities of, and structural forces affecting, different groups of STEMM
researchers. The effects of the COVID-19 pandemic on the academic STEMM job
market, notions of academic productivity, and institutional responses each play out
in different ways depending on the unique circumstances of individual institutions
and individual STEMM researchers and faculty members. This is not solely an
argument that “context matters” in dictating how national phenomena unfold in
local settings, but a recognition that the individual lives of STEMM scholars and
how they see themselves and their opportunities are deeply embedded in and
shaped by these overlapping spheres of influence.

6 An informally gathered list of changes to tenure clock policies is available at https://docs.google.com/
spreadsheets/d/1U5REApf-t-76UXh8TKAGoLlwy8WIMfSSyqCJbb5u9lA/edit#gid=0&fvid=238051147.
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Work-Life Boundaries and
Gendered Divisions of Labor1

INTRODUCTION
Women academic scientists have long juggled unequal family caregiving
and domestic demands and faced gender discrimination, and this is particularly
true in science, technology, engineering, mathematics, and medicine (STEMM),
where women are significantly underrepresented (Zimmer, 2020). While the
COVID-19 pandemic is not responsible for the domestic labor challenges that
increasingly affect the careers of many academic scientists, it has exacerbated
them and shined a light on the work-life inequality that women experience, one
that is a growing form of job inequality (Kossek and Lautsch, 2018; Kossek and
Lee, 2020b). In fact, reports suggest that such work-life inequality could result in
setbacks in gender representation and advancement in STEMM fields and the loss
of early-career women in academics, particularly those with children (Cardel et
al., 2020a). These reports indicate that growing numbers of professional women
(Coury et al., 2020), particularly those in academia (Buckee et al., 2020), are
considering cutting back or leaving the workplace altogether because of family
demands brought on by the COVID-19 pandemic.
This chapter focuses on the ways in which the COVID-19 pandemic has
affected the personal-professional boundary interface and work-life issues for
women in academic STEMM; how gendered expectations of domestic labor and
caregiving responsibilities for children and elders have shifted or affected professional labor and well-being for women; how research has informed emerging
1 This chapter is primarily based on the commissioned paper “Boundaryless Work: The Impact of
COVID-19 on Work-Life Boundary Management, Integration, and Gendered Divisions of Labor for
Academic Women in STEMM,” by Ellen Ernst Kossek, Tammy Allen, and Tracy L. Dumas.
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individual boundary management and family-care coping strategies; and how the
events of 2020 have widened the gap between current and desired organizational
practices to support increasingly blurred work-life boundaries as well as preferences for integration and separation.
PRE-COVID-19 PANDEMIC WORK-LIFE
LITERATURE OVERVIEW
This review of pre-COVID-19 pandemic literature is organized into two main
parts, with a focus on data-based studies that were specific to academic women
and particularly those in STEMM.2 The first part provides a brief overview of
work-life foundational concepts relevant to this report, including work-family
(or personal) life conflict, enrichment, boundary management, and their relationships. The second part examines the implications of these concepts for women’s
careers in their academic social contexts, which have work structures and cultures that were largely developed before women increased their participation
in STEMM fields. These themes reflect how work-family dynamics play out in
academic social contexts that can be characterized as not being responsive to a
growing mismatch between women faculty’s career and personal life synthesis
needs and the design of academic institutions.
Foundational Concepts from the Work-Life Literature
Work-Family Conflict, Enrichment, and Gender
Tensions between work and nonwork lives can be understood from the
individual and organizational psychological science behind role theory and the
associated concepts of role conflict and enrichment. All individuals have multiple
roles in life—employee, parent, partner, daughter, and volunteer, for example
(Katz and Kahn, 1966)—in which a role is defined as a position in a group or
organization with accompanying responsibilities, rights, and behavioral expectations (Kahn et al., 1964). Role conflict occurs when an individual perceives incompatible time, strain, or behavior-based demands between work and nonwork
roles (Greenhaus and Beutell, 1985; Kahn et al., 1964). For example, a tenuretrack faculty member who is a parent may perceive that the behaviors she must
carry out to care for her children interfere with the research, teaching, and service
demands at an academic institution. Qualitative studies in academic medicine
have described similar challenges (Strong et al., 2013). During the COVID-19
pandemic, it is likely that these work-nonwork demands may be increasingly at
odds, particularly in families with school-age children when, for example, the

2

The search terms that informed this literature review are provided in Appendix A.
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adult is scheduled to teach a class via Zoom at the same time that a child needs
help with online schooling.
Historically, work-family research has suggested that women’s work-family
experiences can differ from those of men. An early meta-analysis found that the
relationships between work-family conflict and both job and life satisfaction had
stronger negative associations for women than for men (Kossek and Ozeki, 1998).
Evidence from another meta-analysis, conducted two decades later, suggests that
as men become more involved in household tasks, they are starting to report as
much work-family conflict as women do (Shockley et al., 2017). While men may
believe they more equally share household tasks, the data on actual household
labor time show that women with children under age 6 spend less time in the
labor force and more time on household tasks than do men, a trend that continues for school-age children (Bianchi et al., 2012; Glynn, 2018) and generally for
eldercare (Porter, 2017).
Complementing the literature on work-family conflict is a growing body of
research on work-family enrichment, defined as the positive transfer of knowledge, skills, and emotions from one domain to another (Greenhaus and Powell,
2006). Work-family enrichment theory assumes that having multiple roles can
benefit well-being. This relationship between multiple roles is most likely to occur when one’s work and nonwork demands can be carried out in ways that align
with preferences for how one synthesizes work and nonwork roles. For example,
employed men reported positive work-to-family enrichment relationships in the
transfer of positive emotions and engagement from the work-to-family realms,
while women are depleted in the spillover from work-to-family roles (Rothbard,
2001). Though women also experience enrichment, it tends to go in the opposite
direction, from the family role to the work role (Rothbard, 2001).
Boundary Management Strategies, Control, and Work-Family Conflict
Work-life boundary management is defined as the organization of work and
nonwork roles to reinforce or weaken the boundary between them cognitively,
physically, and emotionally (Allen et al., 2014; Ashforth et al., 2000; Kossek et
al., 2012). Boundary control refers to an employee’s ability to control how they
manage the boundary between work and nonwork roles and considers whether
an employee can maintain the boundary aligned with their preferences (Kossek
et al., 2012; Wotschack et al., 2014). When individuals lack boundary control and
the ability to choose the amount of work-nonwork segmentation, they have lower
person-environment fit (Kreiner, 2006).
Individuals vary in the ways that they prefer to organize and synthesize
work and nonwork roles to align with their career and family identities and roles
(Kossek et al., 2012). Those who prefer integration are comfortable removing
or blurring boundaries between work and nonwork, whereas those who prefer
segmentation would rather keep boundaries between work and nonwork more
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intact (Allen et al., 2014; Ashforth et al., 2000; Kossek et al., 2012). Others cycle
frequently through varying boundary styles as work- and family-role demands
shift in peaks and valleys over time (Kossek, 2016). Figure 4-1 summarizes different boundary management styles validated in several studies.
Research suggests that an individual’s preferred alignment of work and nonwork roles may shape their boundary management style and the degree to which
they integrate and segment those roles (Kossek et al., 2012). However, besides
family structures, organizational policies, job structures, and occupational norms
may determine the extent to which individuals have the ability to integrate or
segment work and nonwork roles, as well as their overall amount of control over
the work-nonwork boundary (Allen et al., 2014; Ashforth et al., 2000; Kossek,
2016). Organizational contexts may also influence the degree to which one perceives the ability to access and customize work flexibility to manage boundaries
and the effectiveness of boundary management strategies (Kossek and Lautsch,
2012; Kramer, 2020b; Rothbard et al., 2005).
In general, research shows that a more permeable work-nonwork boundary
is associated with increased work-family conflict, increased distress, higher turnover intentions, and diminished work performance (Boswell et al., 2016; Chesley,
2005; Kossek et al., 2012). For example, interviews of Navy personnel, their
commanding officers, and family members found that the use of cell phones and
email while on duty resulted in distractions, interruptions, reduced productivity,

FIGURE 4-1 Types of work-nonwork boundary management interruption styles.
NOTE: “W” represents work-related activities; “F” represents family-related activities.
SOURCE: Adapted from Kossek, E.E. The Impact of COVID-19 on Boundary Management, Work/Life Integrations, and Domestic Labor for Women in STEMM. Presentation to
the Committee on November 9, 2020.

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

WORK-LIFE BOUNDARIES AND GENDERED DIVISIONS OF LABOR

61

and mistakes at work, resulting in organizational policies restricting such worknonwork integration (Stanko and Beckman, 2014). Permeable boundaries can
make employees feel as if they never truly leave work behind, and they feel the
burden of the expectation that they must be available at all times to meet work
demands (Duxbury et al., 2014; Jostell and Hemlin, 2018). Such continuous availability is associated with increased work-family conflict (Eddleston et al., 2017;
Lapierre et al., 2016), emotional exhaustion (Dettmers, 2017), and the inability
to recover adequately from work (Dettmers et al., 2016).
For many professionals, including women in STEMM, creating separation between professional identities and personal boundaries can be challenging
(Dumas and Sanchez-Burks, 2015). Studies show that work-life boundaries can
be more permeable for women than men, as they are likely to interrupt work for
family demands (Rothbard, 2001). As a result, variation in boundary management strategies can result in varying effects on work-family conflict and employee well-being, including outcomes such as engagement, stress, depressive
symptoms, and exhaustion (Chesley, 2005; Olson-Buchanan and Boswell, 2006;
Powell and Greenhaus, 2010; Rothbard, 2001).
Women’s Second Shift at Work and Home, Diverse
Needs, and Ideal Worker Tensions
The extra work and nonwork demands that women faculty face compared
with their counterparts who are men are numerous. The term second shift is
based on research showing that employed mothers face a double day of work
(Hochschild, 1989). After returning home from a day of paid work, most begin
their second shift of unpaid work that includes childcare and housework. Decades
after second shift was coined, the gendered division of nonpaid labor remains
(Shockley and Shen, 2016). Specific to faculty, time expenditure studies show
that women faculty spend more time caring for children than do their men counterparts (Golden et al., 2011; Misra et al., 2012).
Eldercare, which also falls more heavily on women than men, has a different
life cycle and care dynamics than childcare (Kossek et al., 2001). Though there
are exceptions, such as in one study of faculty that found no gender differences
in eldercare involvement (Misra et al., 2012), women account for more than 60
percent of caregivers for elderly parents or other aging family members (National
Alliance for Caregiving and AARP, 2020). About 60 percent of eldercare providers work while caregiving, with most reporting that caregiving negatively affects
their work (National Alliance for Caregiving and AARP, 2020). Those adults who
care for dependent children and an older adult are referred to as “sandwiched
caregivers.” Women account for three in five sandwiched caregivers, who as a
whole account for 28 percent of all caregivers (National Alliance for Caregiving,
2019). Sandwiched caregivers are more racially or ethnically diverse than nonsandwiched caregivers (Schiebinger et al., 2008).
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Different family structures or marital status and household career configurations can privilege the caregiving resources available to men faculty who are
more likely to be in family structures where their career is primary in a couple.
For example, reports indicate that in dual-academic couples, men faculty are four
times more likely to have a partner who provides full-time domestic care than are
women faculty (Jolly et al., 2014). Similar findings have been reported among
STEMM faculty.
Researchers have examined the time that physician recipients of a National
Institutes of Health K08 or K23 award spend on parenting and domestic work
(El-Alayli et al., 2018). Women in this study were more likely than men to have
spouses or domestic partners who were employed full time. Moreover, among
married or partnered physicians with children, women spent 8.5 more hours per
week on domestic activities than did men after controlling for work hours and
spouse employment (El-Alayli et al., 2018).
The gender differences associated with caring for others is not limited to
home, and, in fact, women’s care work roles often extend into the work domain.
Women professors, for example, report having more teaching-related work and
receiving more special favor requests from students than do men professors (Guarino and Borden, 2017) (see Chapter 3 for more on service tasks).
Academic Scientists as Overloaded Ideal Workers
With increasing workloads and the rise of personal electronic devices that
blur work-life boundaries, many academic STEMM professionals face role overload. Similar to other professionals with a large investment in human capital,
many STEMM faculty are socialized to work long hours after having invested
years into earning a doctoral or medical degree and then working to advance in
their careers to tenure and beyond. Such work devotion continuously competes
with nonwork passions or interests (Blair-Loy and Cech, 2017).
Norms encouraging adherence to “ideal worker” behaviors contribute to
the overwork pressures that often prioritize work over personal life (Kossek
et al., forthcoming; NASEM, 2020). The concept of the ideal worker reflects
a breadwinner-homemaker model that dates back to the Industrial Revolution
(Williams, 2020) and perpetuates the myth that work and nonwork lives are
“separate worlds” (Kanter, 1977). Ideal workers try to ensure that family or other
nonwork matters do not hinder work commitments (Kossek et al., forthcoming).
This behavior results in overworking, the idea of working more than is needed to
perform one’s job to the detriment of one’s health and well-being (Blair-Loy and
Cech, 2017; Kossek et al., forthcoming).
Occupational cultures, such as academic culture, often socialize to believe
success requires sacrificing their personal lives, which reinforces overworking
(Blair-Loy and Cech, 2017; Kossek et al., 2001; NASEM, 2020). In addition,
early-career scientists and physicians are often juggling romantic relationships,
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partnering, and starting a family, which are assumed to potentially harm future
career prospects because they can distract from work roles (Kossek and Lee,
2020a). For example, a 2019 study showed that the rates of leaving the profession
after the birth of a first child for academic STEMM women were double the rates
for men (Oliveira et al., 2019).
Intersectionality and Work-life Research
Scholars have pointed to the growing relevance of diversity and inclusion
concepts (Kossek and Lee, 2020c) and intersectionality theory to work-life research issues (Mor Barak, 2020),3 and the concept of intersectionality is opening
up new avenues for work-life research and policy. For example, the work-life
issues of single Black women have been largely ignored by academic institutions
that have often considered and prioritized work-life issues in terms of gender and
overlooked race issues that intersect with gender (Creary, 2020).
It is important to examine intersectional work-life issues because underrepresented faculty, such as Women of Color, are more likely to report perceptions
of work exclusion where they feel that their personal and professional needs and
values are not being addressed (Mor Barak, 2020; Zimmerman et al., 2016).
For example, national data show that a Black woman with a college degree in
her midthirties to midforties is 15 percent less likely to be married than a white
woman without a degree (Brookings Institution, 2017). This trend is exacerbated
in less racially diverse rural and small city college towns where many academic
institutions are located (Creary, 2020).
Work-life preferences for employer support intersect not only with race
and gender but also with other forms of difference, such as parental status, disability, age, and career stage (Kossek and Lee, 2020a, 2020c). In spite of this,
organizations and scholars have largely not attended to growing diversity and
intersectionality in work-life needs (Kossek and Lee, 2020c; Mor Barak, 2020),
which can impact how work-life boundaries are managed in racially and genderimbalanced work units.
Boundary Management of Personal Identities in
Gender and Racially Imbalanced Contexts
Whereas most research has focused on boundary management as a means
to handle conflicting role demands, existing research also addresses the effect
of boundaries on workplace relationships and employees’ professional identities
(Dumas et al., 2013; Dumas and Sanchez-Burks, 2015). Employees not only
attend to whether the tasks associated with their work and family roles conflict
3 The concept of intersectionality is a lens for understanding how social identities, especially for
marginalized groups, relate to systems of authority and power.
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but also whether aspects of their personal identities conflict with the accepted
or desired norms for professionalism in their workplace. When women work in
fields dominated by men, as many women in STEMM do, many report feeling
that their gender is seen as incompatible with professional norms. As a result,
their boundary management practices take the form of concealing aspects of their
personal lives that highlight their gender or parental status if they are mothers
(Cheryan et al., 2009; Jorgenson, 2002; Prokos and Padavic, 2002).
Similarly, work organizations often send the message to members of marginalized groups that they must alter their behavior to fit with professional norms
(Ramarajan and Reid, 2020). As a result, Black, Latinx, and other People of Color
are often intentional in managing the boundary between their personal and professional lives to preserve workplace relationships with dissimilar others (Dumas
et al., 2013). For example, Black employees report refraining from disclosing
personal information to their white coworkers because of concerns over career
repercussions (Phillips et al., 2018). When they do disclose personal information,
they may be careful to share only what will enhance their status at work and
downplay their racial or gender category (Phillips et al., 2009; Yoshino, 2001).
Research also indicates that refraining from discussing personal information at
work, or strategically downplaying one’s demographic categories, is also within
the realm of managing the work-nonwork boundary.
Work-Life Policies and Practices Traditionally
Offered by Academic Institutions
While most academic institutions believe they provide an environment that
supports a healthy work-life balance, research suggests they generally fail to
some degree (Kossek and Lee, 2020a, 2020c; Matthews, 2020). A few innovative
programs have emerged that provide workload assistance to relieve time pressures, such as for physician scientists (Jagsi et al., 2018; Jones et al., 2019). Such
programs may help to reduce the stigma of disclosing the caregiving responsibilities described above, as participants share experiences and increase awareness of
the frequency and legitimacy of such caregiving challenges (Jones et al., 2020).
However, with the exception of some of these newer piloted programs, which
have yet to be fully integrated into academic institutions, far less attention has
been devoted to using work-life policies to support the development of healthy
work-life boundaries and cultures of well-being as a vehicle for faculty retention
(Kossek and Lee, 2020b, 2020c).
The most common ways that academic institutions have responded to faculty
work-life needs are (1) offering dual-career hiring to attract and retain academic
faculty, with less consistent support for hiring nonacademic spouses; (2) offering
childcare centers on campus, though spaces are often limited with long waiting
lists, particularly for infant care; (3) allowing faculty to extend the tenure clock
with parental leave; and (4) offering help with realtors and school information for
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faculty with children when hired (CUWFA, n.d.; Kossek and Lee, 2020a, 2020b,
2020c; Matthews, 2020; Schiebinger et al., 2008). While it seems less common
for academic institutions to provide work flexibility for employees who are parents and those with eldercare demands, such as control over the timing of early
morning or night classes and meetings, more evidence is needed to corroborate
this view. An ongoing National Science Foundation study is exploring this observation to see if it does indeed hold true (Kossek et al., 2019–2021).
Supervisors and Peer Cultural Support Matters
A large body of work on supervisor support for family and personal life
suggests it is likely that much of an academic department’s support for how it
accommodates family and personal life scheduling needs is often determined on
an ad hoc decision-making basis by the department chair, resulting in wide variability (Kossek, 2005, 2006a, 2006b). However, evidence shows the benefits of
strong, consistent leadership and an organizational culture that supports work-life
issues. Meta-analyses show that when individuals perceive their supervisors as
supporting work and family or personal roles, they are more likely to experience
less work-family conflict and perceive their organizations as work-life supportive
(Kossek et al., 2011).
Regarding eldercare and sandwiched care supports, given these are often
outsourced to employee assistance firms, with universities often taking a handsoff approach, it is likely this support is also uneven in effectiveness, though once
again this needs to be systematically investigated (CUWFA, n.d.). Support for the
tensions of juggling dual academic careers that may vary in job security or career
progress or for single parents is also limited (Thompson, 2020).
Systematic Work: Redesigned and Reduced-Load Work Options
Overlooked
While academic institutions have overlooked adopting work redesign and
cultural interventions to increase organizational support for work-life issues as a
form of support for diversity and inclusion (Kossek, 2020), they do often provide
leaves of absence for common work-life needs such as unexpected family care
needs due to illness. It may be easier to offer faculty time off as a short-term
solution rather than experiment with redesigning occupational work cultures and
reducing job demands. Many private-sector employers offer customized, reducedload work options to enable high-talent employees to experience a more balanced
life during career advancement as a means of fostering sustainable careers and
retaining employees (Kossek and Ollier-Malaterre, 2019). Faculty, however, are
largely expected to self-manage and know how to create their own healthy boundaries. Overall, many academic institutions have yet to move work-life issues from
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the margins to the mainstream of job design and talent management strategies
(Kossek et al., 2010).
Stepping out of the workforce for even a few years can risk career derailment
and significantly decrease lifetime earnings with accrued pension effects from
career gaps. Such trends have led scholars to depict women’s careers as having
“the sagging middles”; the tendency of many women to decrease hours and work
productivity or leave the labor force after a first or second child (Goldin and
Mitchell, 2017). Indeed, a study of pay equity of faculty from 1980 to 2004 found
that gender pay gaps can be attributed to career interruptions and declines in accumulated human capital due to stepping out of the workforce or cutting back
for children (Porter et al., 2008). These effects vary within STEMM disciplines.
POST-COVID-19 PANDEMIC LITERATURE: CHANGES TO
BOUNDARIES, BOUNDARY CONTROL, AND WELL-BEING
Given the lead-time for publishing academic articles, few published studies
directly examine work-life challenges arising from the COVID-19 pandemic for
women faculty in STEMM. However, the common themes in the articles published during 2020 were consistent with findings in foundational work-family
literature and, while not STEMM specific, with the literature on the work-life
challenges of academic motherhood (Ward and Wolf-Wendel, 2012).
Rise in Childcare and Homeschool Demands
and Increased Partner Tensions
As workplaces, schools, and childcare centers closed in response to the
COVID-19 pandemic, many parents faced new and unusual dependent care and
domestic demands, including homeschooling their children. With children and
working parents in the home all day, parents had to reorganize caregiving time
and work time. Several studies during spring and summer 2020 showed that caregiving time fell largely to mothers (Carlson et al., 2020a; Craig and Churchill,
2020; Myers et al., 2020; Shockley et al., 2020).
In one COVID-19–specific study, researchers analyzed data from the International Society for Stem Cell Research member survey (Kent et al., 2020), nearly
56 percent of which came from academics.4 More than 85 percent of survey
respondents reported increased caregiving responsibilities, and almost 50 percent
of these respondents indicated that the additional family responsibilities disrupted
their work. This trend was even greater among early-career faculty members, as
71 percent reported that their increased childcare responsibilities were hindering
their work. The only reported home intervention for securing stretches of time to
complete work was to trade off working shifts with a partner.
4

Information about gender was not included in this survey (Kent et al., 2020).
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Several studies have shown there are health and well-being implications of
these unequal childcare responsibilities. One recent study found that for couples
in which the wife was working remotely and taking on all of the childcare responsibilities, women reported the lowest family cohesion, highest relationship
tension, and lowest job performance (Shockley et al., 2020). Similarly, a study of
the rates of anxiety among physician mothers showed that 41 percent scored over
the threshold for moderate or severe anxiety (Linos et al., 2020). Other studies
have also found that the mental health of working mothers has suffered during
the pandemic (Zamarro and Prado, 2020). In addition, women business leaders
and women employees reported greater work-related stress compared with their
counterparts who are men (Catalyst, 2020a) (see Chapter 7 for more on mental
health and well-being).
To cope with additional caregiving demands, women are reducing their work
hours (Madgavkar et al., 2020). For women in STEMM with children or other
dependent-care responsibilities, many had significantly less time in the day to network and engage in collaborations because of increased nonwork tasks (Heggeness, 2020; Kossek and Lee, 2020b; Myers et al., 2020). One study of dual-earner,
married couples with children found that for parents in telecommuting-capable
jobs with children between 1 and 5 years old, mothers report nearly 4.5 times
larger reductions in work hours than fathers (Collins et al., 2020). Moreover, in
another study of 25 U.S. women faculty members and 55 Italian women faculty
members, all of whom had children, the women reported a perceived cognitive
deficit from managing the demands of children all day (Minello, 2020). These
responses were consistent with research showing that blurred work-nonwork
boundaries are associated with increased work-family conflict (Hecht and Allen,
2009; Kossek et al., 2006; Krukowski et al., 2020).
A potential positive change was that one-third of employees who are men
and nearly two-thirds of business leaders who are men reported taking on a more
equitable share of chores at home in a survey (Catalyst, 2020a). Emerging work
from several nations suggest that men have started shouldering more caregiving
and child-rearing duties, a view corroborated by their partners (Carlson et al.,
2020b; Savage, 2020; van Veen and Wijnants, 2020). A study by a consumer
marketing group found that 62 percent of men wanted to keep working at home
specifically because it increased family time (Fluent, Inc., 2020). In addition,
slightly more women than men expressed the belief that the new working environment during the COVID-19 pandemic may provide more flexibility in work-life
balance and control over their schedules in the future (Catalyst, 2020a).
Work-Life Effects of the COVID-19 Pandemic on Faculty of Color
While the committee could not find refereed empirical scholarly literature
on how the COVID-19 pandemic has affected the work-life challenges specific to
STEMM women Faculty of Color, there were media reports of disparate negative
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health, career, and work-life effects. Many news reports provided anecdotal evidence that the pandemic negatively affected the well-being of many Faculty of
Color compared with their white counterparts. Faculty of Color were more likely
to have or know a family member or friend who got ill or died from the virus
than white faculty. The COVID-19 pandemic also made it difficult for more junior
faculty hires to find housing, which became more expensive and more difficult to
secure (Brooks, 2020). The tightening labor market, rescinded new-hire positions,
institutional layoffs, and dissolution or reorganization of departments to manage
the decline in student enrollments negatively affected the careers of Faculty of
Color (Aviles, 2020) (see Chapter 3 for more on academic careers).
CONCLUSIONS
Women faculty in STEMM faced unique challenges resulting from the
COVID-19 pandemic related to juggling growing second-shift challenges juxtaposed with increased boundary permeability, rising workloads, and persistent
ideal-worker cultures. Remote work can be a double-edged sword for women’s
careers (Kossek et al., 2014). For example, while it can facilitate the management
of work-family roles, it also increases multitasking, process losses from switching frequently between tasks, and interruptions and extended work availability
that may harm mental health and well-being. Data from the survey discussed
in Chapter 2 identified strategies that women faculty use to manage boundaries
during the COVID-19 pandemic. A potential positive outcome from the enforced
work-from-home arrangements associated with the COVID-19 pandemic may
be that individuals developed new skills in setting technological, temporal, and
spatial adjustments to manage boundaries. These new skills in boundary management may continue to be useful to their career development in the long term.
Adjustments resulting from the COVID-19 pandemic present the opportunity to
compare the benefits and detriments of different boundary management styles.
Finally, there are likely differences at many levels between individuals whose
careers were derailed and those who are more successful. In other words, the evidence was not yet established to understand how differences in departmental supervisor, discipline, and university context influenced the experiences of women
in STEMM around overwork culture and boundary norms during COVID-19.
Moreover, how intersectionality influences the experiences of Women of Color
in STEMM remains undetermined at this time.
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Collaboration, Networks, and Role
of Professional Organizations1

INTRODUCTION
The COVID-19 pandemic had a substantial reach into many aspects of academic science, technology, engineering, mathematics, and medicine (STEMM)
life in 2020, and research collaborations, mentoring and sponsoring relationships, networks, and professional organizations were not spared (Al-Omoush
et al., 2020; Kramer, 2020b). The effects on the workforce were documented in
published studies, and STEMM experts continue to highlight the differentially
gendered effects on science and scientific collaborations (Buckee et al., 2020;
Gruber et al., 2020; Kramer, 2020b; Minello, 2020; Myers et al., 2020) and in
service activities such as mentoring and advising at work (Kramer, 2020b). While
there may be benefits of video conferencing and technology that provide a means
to maintain collaboration and communication among scientists during a pandemic (Korbel and Stegle, 2020), evidence also suggests that shifting priorities
both within households and at work for academic women during the COVID-19
pandemic has restricted their ability to engage in collaborative work and networking at the same level they might have been engaged prepandemic (UW System,
2020; Zimmer, 2020) (see Chapter 4 for more on work-life balance). In light of
this challenge, institutions are being encouraged to understand the explicit and
implicit mechanisms of the COVID-19 pandemic on shifting norms in collaboration and networking for women STEMM academics. If no action is taken, the
differential effect that the pandemic has had specifically on academic women’s
1 This chapter is primarily based on the commissioned paper “The Impact of COVID-19 on Collaboration, Mentorship and Sponsorship, and Role of Networks and Professional Organizations,” by
Misty Heggeness and Rochelle Williams.
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ability to collaborate, mentor, and network will continue going forward (Kramer,
2020b), potentially worsening already existing gender-based inequalities.
This chapter focuses on how the COVID-19 pandemic has affected collaboration and networking, as well as the role professional organizations have
served, for academic women during 2020. A description of how the authors of
the commissioned paper on which this chapter is based selected the materials is
available in Appendix C.
HISTORICAL EVENTS AND THE IMPACTS ON
COLLABORATIONS AND NETWORKING
The COVID-19 pandemic is not the first time a major global crisis has shifted
norms associated with academic collaboration and networking at universities.
After World War II, international collaborations on university campuses and interactions among academic colleagues globally were stunted, resulting in reduced
productivity, as measured by publications and patent awards, and a slowing of
new and novel advancements along the scientific research frontier (Iaria et al.,
2018). The aftermath of September 11, 2001, drove changes to how colleges
and universities accept students, postdoctoral students, and faculty from abroad.
International student migration dropped post-9/11 and shifted worldwide student
mobility trends (Johnson, 2018). Barriers to visa and work permits were reported
to stifle international collaboration and engagements as well as advancements in
innovation and productivity (Chellaraj et al., 2005). Four years later, Hurricane
Katrina forced students and faculty to relocate to other campuses, which influenced both the workflow and psyche of faculty and students, as well as of those
who collaborated and worked with them (AAUP, 2007).
These historic experiences indicate that methods of collaborating among
scientists are hindered and stunted by crisis events, through either human- and
nature-made restrictions or policies restricting communication and engagement
standards with potential collaborators. These barriers to collaborative networks
have long-term effects that bleed into future success, including achieving tenure
and reducing potential future collaborations and research output of academics
and STEMM researchers (Chai and Freeman, 2019; Chellaraj et al., 2005; Iaria
et al., 2018). Restricting or canceling participation in professional organization
conferences, which occurred regularly in early spring 2020, has also been shown
to alter future collaborations negatively (Chai and Freeman, 2019). Nonetheless,
professional organizations can play a vital role in the interinstitutional efforts
required to meet the needs of their membership and the society at large.
EFFECTS OF THE COVID-19 PANDEMIC ON
COLLABORATIONS AND NETWORKING
With advances in technology and cloud computing, collaborations can more
easily flow across state and country lines and, at first glance, it may appear that
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these technologies have mitigated or reduced the damage to collaborative work
during the COVID-19 pandemic (Apuzzo and Kirkpatrick, 2020). However, collaborators have nonetheless had to adjust to the sudden elimination of in-person
engagement as a result of public health policies enacted during the COVID-19
pandemic (CDC, 2020b, 2020c).
There are general approaches to collaborative research that changed in response to losing the ability to physically meet in person. One preexisting approach
was to use online platforms such as Zoom, Webex, or Microsoft Teams meetings;
emails; cloud-computing shared spaces; and other digital formats (Clark, 2020).
By taking this approach, a relatively small decline in collaborative research might
have occurred. However, family obligations during the COVID-19 pandemic may
deter or hinder the ability to collaborate even if remote options are open and accessible (Myers et al., 2020). (See Chapter 4 for more on how family obligations
are affecting women STEMM faculty.)
Some collaborative research projects, however, cannot be conducted over an
internet connection and instead require face-to-face interaction to thrive and survive. Such projects include those requiring fieldwork or experimental or bench/
wet-lab research. Indeed, collaborations requiring expensive and exclusive laboratory equipment to advance cannot easily be replicated in a home office. In
these situations, collaborations have been slowed or put on hold (Radecki and
Schonfeld, 2020). These delays in timing have the potential to sour time-sensitive
laboratory projects and put a strain on demonstrating outcomes of grants and
other types of research funding. In addition, as laboratories adapt to COVID-19
pandemic safety measures, they have to adjust to doing more with fewer interpersonal interactions because of social distancing and other measures (Brockmeier,
2020; Radecki and Schonfeld, 2020; Schiffer and Walsch, 2020; Schmidt, 2020).
Even though federal funding agencies have been providing support to scientists during the COVID-19 pandemic,2 the effect of the COVID-19 pandemic on
collaborative networks does have the potential to negatively affect future grants
for projects that may have been funded based on current collaborative research
that was slowed or terminated (Heidt, 2020; Whitlock, 2020; Yeager, 2020).3
These challenges to data collection and essential travel have put research at risk
and reduced or slowed the speed of research and publication of results (see Box
5-1). This, in turn, has the potential to negatively affect tenure and promotion (see
Chapter 3 for more on this subject).

2

For more information, see https://grants.nih.gov/policy/natural-disasters/corona-virus.htm.
For example, the U.S. Census Bureau had to delay its door-to-door data collection program for
the 2020 Census by several months because the pandemic made it risky for enumerators to collect
responses in person (U.S. Census Bureau, 2020).
3
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BOX 5-1
Effects of the COVID-19 Pandemic on
International and Distanced Collaborations
International and distanced collaborations involve additional hurdles for keeping teams on track and STEMM fields advancing in normal times. With the arrival
of COVID-19, many collaborative endeavors were unprepared for a disruption
such as the pandemic and “the pandemic ... robbed many laboratories of international researchers and the diverse skills and viewpoints they bring” (Woolston,
2020b). Field experiments, which by nature are conducted on-site within local
communities, have been lost to the extent travel of principal investigators and
other staff conducting the experiments was essential to their advancement (Devi,
2020). Science reported that “the coronavirus pandemic had already canceled
one summer field research season. Now it [had] come for another: the Antarctic
summer ... the United States and United Kingdom would put most of their planned
Antarctic research into deep freeze, including their ambitious joint campaign to
study Thwaites Glacier, the Antarctic ice sheet most at risk of near-term melting”
(Voosen, 2020).

Effects of COVID-19 on Collaborations and
Networking for Women Faculty
During the course of 2020, it became beneficial for institutions to anticipate
areas where women’s professional productivity and advancement could be negatively affected by the challenges of conducting collaborative research (Andersen
et al., 2020; Muric et al., 2020). When considering specific disciplines, like Earth
and space scientists represented through the American Geophysical Union and
life scientists, virtual collaborations have proved incredibly beneficial for journal
clubs, meeting collaborators, workshops, and conferences, among other collaborative mechanisms (Korbel and Stegle, 2020; Wooden and Hanson, 2020).
However, preliminary evidence from 2020 suggests that the COVID-19 pandemic
affected women’s ability to engage actively in collaborations. Studies suggest,
too, that team size has decreased during 2020 and that women’s shares of first
authorships, last authorships, and general representation per author group have
decreased during the COVID-19 pandemic (Andersen et al., 2020; Fry et al.,
2020) (see Chapter 3 for more on publication).
Buckee et al. (2020) describe the complex situation of women scientists
studying the COVID-19 pandemic, particularly Women of Color, who are often
not noticed by the media and yet play a major role in getting the work done and
advancing breakthrough science. To address these issues, Black engineering
faculty from multiple institutions formed the grassroots organization Black in
Engineering to draft and disseminate the call-to-action report On Becoming an
Anti-Racist University (Black in Engineering, 2020). Drafting this call to action
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took considerable time away from teaching preparation, mentoring, and research
in which these scholars would have otherwise been engaged.
Additional Effects for Women Faculty with
Children and Caregiving Responsibilities
Many parents or caregivers are unable to participate in international or distanced collaborations, even virtually, because of the time commitment required
that competes with the need to serve as a homeschool teacher to school-age children in their care, as discussed in Chapters 2 and 4. This issue is not new to 2020.
In March 2018, the Working Group of Mothers in Science published an opinion
piece in the Proceedings of the National Academy of Sciences of the United
States of America titled “How to Tackle the Childcare–Conference Conundrum.”
The group compiled four recommendations directed toward facilitators of collaborations, such as research societies and conference organizers, titled CARE,
for Childcare, Accommodate families, Resources, Establish social networks.
These recommendations were made as a direct response to the parent-researcher
struggling to attend key conferences and further their careers while securing
care for children. The CARE recommendations are intended to enable women
in academia to have equitable opportunities to make contact with representatives from funding agencies, communicate new research and discoveries, form
collaborations, and attract new members to research teams (Calisi et al., 2018).
These considerations are even more relevant during the COVID-19 pandemic,
when mothers’ workload within their households has increased substantially, as
discussed in Chapter 4 (Del Boca et al., 2020; Sevilla and Smith, 2020).
EFFECTS OF THE COVID-19 PANDEMIC ON
PROFESSIONAL ORGANIZATIONS AND NETWORKS
Professional societies and networks can serve as conduits to standing up
programs and policies that help mitigate the loss of collaborative networking
among women scientists, as these organizations have historically responded to
national crises by equipping their members to meet societal needs (Morris and
Washington, 2018). For example, in 2005, the Association of American Medical
Colleges (AAMC) organized an emergency conference call with all U.S. medical
school deans to coordinate the response from the National Institutes of Health
and academic medicine to meet the health-care needs of patients affected by
Hurricane Katrina. Additionally, AAMC created a website to coordinate offers of
housing and laboratory space for researchers and students displaced by the storm
(Cohen, 2005). Professional organizations also advocated for the needs of the scientific workforce and have continued to engage in advocacy and outreach efforts
on behalf of the scientific community and related groups (Segarra et al., 2020).
Professional organizations can also play a role in resource sharing and networking components that may be pivotal to career advancement and ongoing
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education. Even with recent technological advances that allow for remote communication, physical attendance at various venues, including conferences, lectures, and networking events, are primary means by which scholars build their
research programs (Segarra et al., 2020). As women continue to face inequitable
obstacles to fully attending and participating in networking and development
experiences because of responsibilities related to children and other family obligations (e.g., eldercare), professional organizations now have an opportunity
to reimagine the structure of membership, conferences, and events. Fortunately,
technology now provides alternate ways to do this, and by using an inclusive
lens, organizations can broaden access by reimagining conferences and meetings.
During the social distancing guidelines and stay-at-home orders in place in
2020, professional organizations catered to an emerging set of member needs
around collaboration, mentorship, and sponsorship while navigating constraints
arising from the cancellation of in-person events, decreased philanthropic support, and less income typically supplied by membership fees. The financial losses
that many of these organizations have suffered hindered the ability of professional
trade and professional associations to establish alternative approaches to making
their activities more widely available during the COVID-19 pandemic. These
organizations remain vulnerable to severe financial issues as the COVID-19
pandemic continues to limit member participation. Despite financial constraints,
professional organizations and networks in STEMM are being called to remain
resolute in their tenets to promote professional excellence and help promote
change at the intersection of a global health crisis and a fight for racial justice
within the United States (Community Brands, 2020; SWE, 2020). Professional
organizations responded quickly to member and societal needs, while they strived
not to undo years of effort in creating diverse and equitable opportunities for
persons with identities traditionally excluded from STEMM.
Online communities serve as one mechanism in which professional organizations can promote inclusive online environments that drive conversation around
gender equity. Higher Logic, an engagement platform that delivers online communities and communications software to more than 3,000 customers, primarily
community, advocacy, and professional associations, reported that online community engagement increased between February and April 2020 (Bell, 2020). For
example, the National Society of Professional Engineers (NSPE) and American
Society for Microbiology (ASM) opened their online discussion forums to the
public to facilitate communication and engagement with leading NSPE and
ASM members, respectively (ASM, 2020; NSPE, 2020). While not explicitly
tied to gender equity efforts, members at the American Occupational Therapy
Association (AOTA) are using their online community as a source of connection
and education. In all, overall logins at AOTA increased 109 percent between
mid-March 2020 and mid-April 2020. They also found that new member logins,
those utilizing the community for the first time, increased by 149 percent. While
in the online community, online discussion posts increased 48 percent, views of
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library content saw a 100 percent increase, and library downloads increased 122
percent between February 2020 and April 2020 (Bell, 2020).
Given that professional organizations often serve as an intellectual resource
for STEMM communities, this suggests that members are relying on their association communities as vital sources of connection and information. The broader
access to membership benefits such as online discussions and resource libraries
could prove to be beneficial to the community at large.
Leveraging Working Groups and STEMM Networks to Promote
Gender Equity during the COVID-19 Pandemic
One way in which professional organizations can better highlight their efforts
toward supporting women in academic STEMM during the COVID-19 pandemic
is via working groups. Working groups, also called affinity groups or divisions,
are organization-recognized microcommunities that can serve to promote diversity and inclusion efforts and allow for networking, mentoring relationships, and
other opportunities for professional and personal development (Taylor, 2019).
Historically, affinity groups were centered on race or gender, but these groups
are increasingly being created for those sharing other characteristics, such as
age, sexual orientation, and disability status. Groups for women in professional
organizations typically address gender equity, recruitment and retention, awards
and recognition, and career advancement (AAMC, 2020; Taylor, 2019).
When considering the role of gender-centered affinity groups or working
groups housed at professional organizations, evidence on the overarching roles of
these groups suggests that these groups have been deployed during the COVID-19
pandemic to advocate for the women members within the organization, support
the inclusion and raise the visibility of women in virtual meetings spaces, and
ensure organizations take intersectionality into account as they develop interventions to support women’s advancement in the field.
To further improve efforts to support academic women in STEMM during
and after the COVID-19 pandemic, evidence suggests that creating partnerships
with networks that specialize in addressing gender equity issues in STEMM could
further amplify gender-equity work at professional organizations (ARC, 2020;
Aspire, 2020; NIH, 2020a). STEMM networks have been leading discussions
on ensuring equity for women in academia during the COVID-19 pandemic, but
their reach is often limited to those who already know of the network. Intentional
partnerships between STEMM networks and professional organizations can simultaneously heighten the visibility of women-centered working groups within
professional organizations and broaden the reach of STEMM networks. Given
that one high-impact function of many professional organizations is sponsorship (e.g., nomination for awards, leadership opportunities, scientific plenaries,
reviews, visiting professorships) (Cree-Green et al., 2020), coupled with technical and scientific work relying on research teams, groups, and the cooperation
of people (Fox, 2001), these bodies have an opportunity to shift how mentoring
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and sponsorship is viewed both within and outside of academic institutions for
women in STEMM.
To develop larger-scale interinstitutional change, there are opportunities for
institutions and professional organizations to engage a number of equity-centered
networks in STEMM. For example, over the past 20 years the National Science
Foundation (NSF) Increasing the Participation and Advancement of Women in
Academic Science and Engineering Careers (ADVANCE) program has provided
funding to support the implementation of evidence-based systemic change strategies that specifically promote equity for women STEM faculty in academic workplaces and the academic profession.4 In 2010, the ADVANCE Implementation
Mentors (AIM) Network was formed to establish a common mentoring network
for ADVANCE program coordinators and project directors at all developmental
stages of ADVANCE grants with the purpose of answering questions and providing support, sharing promising practices, and establishing a common resource
base. With membership of more than 80 program directors and managers, AIM
is a community of practice that accelerates and disseminates the work of NSF
ADVANCE. More recently, NSF established the ADVANCE Research and Coordination Network in 2017 to facilitate authentic, intentional dialogue between researchers and practitioners, connect inclusiveness to organizational principles and
practices, and account for and incorporate intersectional perspectives throughout
the network members’ work. Both networks have been instrumental in convening
national audiences to discuss the issues women faculty in STEMM are facing and
the resources they need to survive the COVID-19 pandemic.
EFFECTS OF THE COVID-19 PANDEMIC ON CONFERENCING
Professional societies and academic institutions, through the conferences
they hold, can provide women STEMM professionals with the opportunity for
development of national recognition and academic relationships beyond their
home institution (Cree-Green et al., 2020). However, even prior to the COVID-19
pandemic, researchers had begun calling for a paradigm shift in how scientific
conferences are conducted to reduce their contribution to climate change by
reducing travel-associated emissions (Levine et al., 2019). While professional
conferences were canceled in the first half of March 2020 (Benchekroun and
Kuepper, 2020), they quickly started converting to virtual programs starting in
the latter half of March (ASAE, 2020), and virtual conferencing became the
new normal in 2020. In the wake of a global pandemic, in-person seminars
transitioned to virtual seminars and in-person coffee breaks, and happy hours
converted into virtual meetups on video-conferencing platforms, allowing for a
broader participation from international colleagues. Those in privileged situations—those without care responsibilities and with reliable access to high-speed
4 Additional information about the NSF ADVANCE program is available at https://www.nsf.gov/
crssprgm/advance/index.jsp.
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internet connections—navigated new paths forward despite the need for social
distancing and the inability to meet physically in a central location. Universities
and professional organizations adjusted budgets to accommodate the financial
requirements needed for this virtual transition and lower enrollments (Hemelt
and Stange, 2020).
In many ways, the move to virtual platforms provided new opportunities
for those with limited travel funds to participate in conferences and seminars in
which they otherwise would not have been able to take part, particularly for earlycareer individuals (Adams, 2020; Segarra et al., 2020). Additionally, virtual seminars gave institutions the ability to invite speakers to present their research they
would not have otherwise been able to invite because of limited travel budgets,
and individuals across the country gained opportunities to participate in some
institution-specific seminars that they would otherwise have not attended (Kalia et
al., 2020; Segarra et al., 2020). However, while these expansions opened access,
they did not eliminate the challenges of attending these events while engaged
in childcare activities within their households, which many women in academic
STEMM have experienced during the COVID-19 pandemic. Moreover, the conference experience is different because networking is limited by one’s ability to
engage with other scientists via a virtual platform.
Building Virtual Environments Conducive
to Collaboration and Networking
The cancellation of in-person conferences may have led an entire cohort of
early-career scientists and academics to lose out on networking opportunities if
not for the development and implementation of new technologies by conferences
during 2020 (Benchekroun and Kuepper, 2020). The longer-term effects of the
changes in conferences during 2020 on the careers of early-career scientists going forward are yet to be realized. Institutions have the opportunity now to work
through how this may be affecting their own early-career academics and plan
alternative options to help mitigate the negative effects.
Prior to the COVID-19 pandemic, researchers investigating the shortcomings
of scientific conferences found it imperative that organizers of virtual meetings
and events improve strategies for facilitating digital connections (Avery-Gomm
et al., 2016; Sarabipour et al., 2020). Specifically, they found that scientific organizations were utilizing features such as Slack to facilitate both group and oneon-one discussions during and after meetings, along with incorporating Twitter
to deliver poster sessions (Avery-Gomm et al., 2016; RSC, 2019; Sarabipour et
al., 2020). However, when professional organizations shifted to virtual events as
a result of the COVID-19 pandemic, they were cautioned to keep membership
engagement in a central location to ensure members can readily find information and directly network with the organization and other members (Community
Brands, 2020). As such, efforts to transition conferences and events to inclusive
virtual spaces hinged on investing in immersive and interactive experiences that
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promote collaboration and networking (Sarabipour et al., 2020). At the end of
2020, the question still remained as to how virtual meeting components (e.g.,
ability for participants to engage one-on-one or in a group using video instead
of chat, informal meetups, and social interaction) directly impact women’s participation, advancement, safety, and ability to collaborate and network with their
peers in this new setting.5
Bias in Virtual Environments
In July 2020, the Society of Women Engineers (SWE) published a survey
report titled Impact of COVID-19 on Women in Engineering and Technology. The
survey of its members, open between June 3, 2020, and June 15, 2020, examined
how the COVID-19 pandemic affected their personal and professional lives.
Analysis focused on responses received from women and genderqueer/nonbinary
people who made up 98 percent of the total respondents. More than a third of
the respondents identified as working professionals, a quarter of the respondents
were People of Color, and nearly a third of the SWE professionals who responded
reported experiencing bias during virtual meetings in the form of getting talked
over, interrupted, or ignored more frequently during virtual meetings than those
held in person (SWE, 2020). When disaggregating the data by age group, a higher
proportion of younger SWE professionals (aged 18 to 24 and 25 to 34 years) than
SWE professionals aged 55 to 64 years reported getting ignored (35 percent),
interrupted (38 percent), and talked over (22 percent) more frequently during
online meetings than those held in person.
In a report published by Catalyst in June 2020, 45 percent of women business leaders reported that it was difficult for women to speak up in virtual meetings—42 percent of men business leaders agreed with this observation—and one
in five women had recently felt ignored and overlooked by coworkers during
video calls (Catalyst, 2020a). SWE Professionals of Color were as likely to report similar frequencies of getting interrupted, talked over, and ignored in virtual
meetings as their white peers, while Women of Color and genderqueer/nonbinary
SWE Professionals of Color disproportionately reported other concerns, such as
losing their job as a result of the economic impact of the COVID-19 pandemic
on their employer.
A review of the public-facing web pages of 246 STEMM professional organizations did not show evidence of the steps organizations are taking to combat
the bias women experience in virtual meetings and events or how they were being intentional about highlighting presentations, keynotes, and resources written
by women during the COVID-19 pandemic.6 In a study conducted to review the
5 There are examples of large-scale, virtual professional society meetings, such as the American
Geophysical Union 2020 meeting held during December 2020 that used several synchronous and
asynchronous modes of engagement.
6 More information about this review can be found in Appendix C.
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features of scientific conferences, researchers found that 97 percent of 270 scientific conferences they examined lacked a statement of gender balance or diversity
(Sarabipour et al., 2020). Additionally, they found that out of the meetings reporting names of chairs, organizers, and invited speakers online, only 43 percent
and 34 percent of conferences achieved gender parity for conference chairs and
session chairs, respectively; 41 percent achieved gender parity for conference
organizers or steering committees; 32 percent and 34 percent achieved gender
parity for keynote and plenary speakers, respectively; and only 17 percent had
equal numbers of men and women as invited or featured speakers (Sarabipour
et al., 2020).
Researchers reviewing medical conferences also reported that women are
underrepresented among conference and symposium session chairs, plenary or
keynote speakers, invited lecturers, or as panelists in a broad range of academic
meetings (Gerull et al., 2019; Larson et al., 2019; Ruzycki et al., 2019). Similarly,
the American Geophysical Union investigated the chances of scientists from
groups that are underrepresented in Earth and space sciences being given speaking opportunities, compared with other applicants, at their annual fall meetings
from 2014 to 2017. The results indicated that first authors from Communities of
Color contributed 7.7 percent of all the abstracts in the sample (n = 2,981) and that
these applicants were disproportionately students or early-career scientists and
were less likely to be invited to give presentations (Ford et al., 2019).
THE ROLE OF MENTORSHIP7 AND SPONSORSHIP8
DURING THE COVID-19 PANDEMIC
The advancement gap between men and women in academic STEMM developed because the systems have inherent performance support and reward bias
built into them that may require additional guidance and navigation for women
(Castilla and Benard, 2010; Roper, 2019). When women have sponsors, it can
narrow the advancement gap between women and men in academic STEMM
(NASEM, 2020; Patton et al., 2017).9 Research has shown that mentors can positively affect the career outcomes and advancement of academic women (Ginther
et al., 2020), but it also suggests that mentoring and sponsoring relationships
serve as a source of men’s invisible advantage in STEMM, given women’s lack of
access to senior academics who would serve as sponsors (O’Connor et al., 2020).
Studies have shown that women benefit from multiple mentors of all genders and

7 Mentorship is a professional working alliance in which individuals work together over time to
support the personal and professional growth, development, and success of the relational partnerships
through the provision of career and psychosocial support (NASEM, 2019c).
8 Sponsorship is a potential career support function that involves a senior person publicly acknowledging the achievements of and advocating for a mentee or protégé (NASEM, 2019c).
9 A sponsor is typically a senior-level person who advocates for their protégés.
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that mentees receive a different experience from mentors who identify as men
versus those who identify as women (O’Brien et al., 2010).
The importance of having multiple mentors for women STEMM academics is essential during difficult times, which is why researchers have suggested
institutions proactively support, encourage, and develop mentorship and sponsorship programs for their women faculty and staff during and after the COVID-19
pandemic (Mickey et al., 2020). Furthermore, peer support network interventions
may help address reduced opportunities for interactions between colleagues, increased social isolation, and reduced mentoring opportunities related to working
from home. These factors affect both the psychological well-being and career
outcomes of women faculty, as discussed further in Chapter 7. For example, work
is now being conducted with social media peer groups for physician mothers
(Yank et al., 2019).
There was limited information available about changes in mentorship during
2020. In a survey circulated among life scientists in eight countries, including
the United States, from April 15 to 23, 2020, almost 48 percent of respondents
said that communication with their supervisor, mentor, or manager had remained
consistent, while 22 percent of respondents said that their communication had
increased, indicating the value and benefit of video conferencing and current
technology (Korbel and Stegle, 2020).
While it is important for women faculty to continue to have access to mentors
and sponsors during the COVID-19 pandemic, it is equally important to interrogate the systems that cause women to be overmentored and undersponsored
(Ibarra et al., 2010). When considering how gendered faculty networks have
affected the retention of women faculty in STEMM, the role of mentorship and
sponsorship during COVID-19 appears to be two-fold: to support women faculty
in navigating the systemic, professional, and personal challenges the evidence
suggests they will encounter as a result of the COVID-19 pandemic, and to provide guidance and advocacy as they expand their networks.
CONCLUSION
The confluence of events that took place in 2020 highlighted the importance
of professional organizations and networks using intentional, intersectional, and
inclusive lenses to ascertain the range of opportunities and approaches available to build STEMM capacity, diversify STEMM fields, and meet the needs of
academic women. Federally funded endeavors such as the NSF’s ADVANCE
program assisted professional organizations in magnifying policies and practices
that not only support equity and inclusion but also mitigate the systemic factors
that create inequities in the academic profession for women (NSF, 2020). To
meet the needs of members navigating the COVID-19 pandemic in 2020, many
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professional societies and STEMM networks transitioned their in-person events
to virtual experiences, adjusted various submission deadlines to accommodate
for continued uncertainty, and advocated both locally and nationally on behalf of
their constituents (ASAE, 2020; Community Brands, 2020). Because of the developing and ongoing nature of the COVID-19 pandemic, there will be an opportunity for future, systematic studies of how STEMM networks and professional
organizations responded and functioned during the COVID-19 pandemic, particularly regarding who they serve, what they do, and with whom they collaborate.

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

6
Academic Leadership and
Decision-Making1

INTRODUCTION
This chapter explores academic leadership and decision-making during the
COVID-19 pandemic in 2020. As was documented in the National Academies
of Sciences, Engineering, and Medicine report Promising Practices for Addressing the Underrepresentation of Women in Science, Engineering, and Medicine:
Opening Doors, women have a long history of underrepresentation in academic
institutional leadership roles (Glazer-Raymo, 2001; NASEM, 2020), a situation
that has contributed to decisions that favor men and has created organizational
structures that appear gender neutral but that are biased to favor men (Bilimoria
and Liang, 2012). Various studies have explored and documented the reasons for
women’s historical underrepresentation in academic leadership positions. These
reasons include the “chilly climate,” where women are treated in a discriminatory
fashion that becomes even “colder at the top”; embedded attitudes in academia
favoring men’s advancement (Allan, 2011; Dean et al., 2009; Eddy et al., 2017;
Glazer-Raymo, 2001); and organizational work policies that make it challenging
for women to succeed, such as tenure policies that make it challenging for women
to have families. Universities have given relatively little attention to leadership
development interventions to promote family and work-life supportive supervisory behaviors, which have been shown to be effective in randomized controlled
trial experiments in other settings (Hammer et al., 2011; Kossek et al., 2019). In
fact, data for women presidents and provosts demonstrate that they are less likely
than men in these roles to be married or have children and more likely to have
1 This chapter is primarily based on the commissioned paper “The Impact of COVID-19 on Academic Leadership and Decision-Making,” by Adrianna Kezar.

83
Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

84

IMPACT OF COVID-19 ON THE CAREERS OF WOMEN IN ACADEMIC STEMM

altered their career for a dependent or spouse, as discussed in Chapter 4, suggesting that women find it more difficult to balance family and leadership roles (ACE,
2017). Women also have less access to networks that would help them to move
up in the ranks of administration and are less likely to fit neatly into male cliques
(Dean et al., 2009; Glazer-Raymo, 2001). In addition, societal stereotyping of
men and women favors male traits in institutional leaders (Allan, 2011; Dean et
al., 2009; Eddy et al., 2017; Glazer-Raymo, 2001).
Women of Color face additional challenges compared with white women.
One study (Bridges et al., 2007) cited biased perceptions of Leaders of Color and
their capacity to lead, which is often the result of conscious or unconscious reliance on existing stereotypes. Women of Color leaders in academia report tokenism and stereotyping as contributing to isolation, loneliness, and burnout (Bridges
et al., 2007). Bias in the application of evaluation criteria and the tenure processes
may account for inequities in Women of Color entering academic leadership.
These are a sampling of the documented disparities that affect women faculty in
particular but have outsized impacts later as they rise into leadership roles. These
barriers, which were also discussed in Chapters 3, 4, and 5, are critical as they
shape the pool for women leaders.
Women’s representation in leadership is critical for closing equity gaps and
making institutions more equitable workplaces (Bilen-Green and Froelich, 2010).
Scholars have hypothesized that more women in strategic leadership positions
would ameliorate work policy obstacles, given their experience of these barriers,
and they would likely improve networking possibilities that might facilitate
more equal participation of women within the academy (Bilen-Green et al.,
2008; Langan, 2019). Data support this hypothesis, with investigators identifying
relationships between the prevalence of women in strategic leadership positions
and the associated impact on support for women in various professorial ranks.
Research also documents that having a woman president resulted in more women
faculty in full professor and tenure-track appointments (Bilen-Green et al., 2008).
Data on department chairs in economics, sociology, accounting, and political
science from 200 institutions over 35 years show that woman department chairs
narrowed three gender gaps (Langan, 2019): (1) assistant professors who work
more years under a woman department chair have smaller gender gaps in publication and tenure; (2) the gender earnings gap decreases in the years after a woman
replaces a man as a department chair; and (3) when a woman replaces a man as
department chair, the number of women incoming graduate students increased
by 10 percent without affecting the number of men. As women have moved into
leadership roles, they have addressed work-life challenges tied to the male norms
that dominate workplaces, including those that affect tenure clock provision and
other work-life policies, as discussed in Chapter 4 (Wolfinger et al., 2008).
These are examples of a larger body of work suggesting that the representation of women in leadership has important and meaningful implications for creating equitable college and university environments and reversing gender-neutral
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policies that have had detrimental impacts on women. The collective data about
women in higher education leadership roles suggest long-term underrepresentation has negatively affected progress toward equity, since data suggest women
are more likely to make progress on these issues than men (Bilen-Green et al.,
2008; Langan, 2019).
EFFECTS OF THE COVID-19 PANDEMIC ON WOMEN
IN ACADEMIC LEADERSHIP POSITIONS
The COVID-19 pandemic appears to have had pronounced and immediate
negative effects on women, as economic data appear to show (see Chapter 3).
Various international policy organizations suggested that businesses, industries,
governments, and other groups should be attentive and respond to these gender
inequities (ILO, 2020).
The history of gender underrepresentation in leadership, gender inequities
in academic decision-making, Gig Academy context,2 the global recession, and
the effects of the COVID-19 pandemic outside higher education suggest that the
COVID-19 pandemic will likely exacerbate long-standing gender inequalities
for women’s advancement into leadership as well as decisions that shape gender
inequalities. An exploration of institutional decision-making under academic
capitalism and the Gig Academy is available in Box 6-1. Women’s advancement
into tenure-track faculty positions has been significantly altered by academic
capitalism and the Gig Academy. These trends are also likely responsible for the
slowdown in diversifying leadership such as provosts and board members where
there has been little progress on gender parity. All these forces culminate in a set
of reactions that played out on campuses during 2020.
COVID-19 PANDEMIC DECISION-MAKING AND
EFFECTS ON GENDER INEQUALITIES
With the Gig Academy (see Box 6-1) pushing decision-making more to
academic governing boards and administrations that are largely white and male,
campuses had already seen a regression on gender equity that was further exacerbated during the COVID-19 pandemic (Flaherty, 2020b, 2020c, 2020f). Shared
governance has been in decline for years but has now receded even more on most
campuses. Since the start of the COVID-19 pandemic, there have been dozens
of examples of reported overreach among governing boards making unilateral
decisions without input from faculty, staff, and sometimes even the administration (Flaherty, 2020c, 2020f; Friga, 2020). Significant financial decisions have
2 Gig Academy is a term coined by Kezar et al. (2019) to capture the ways that corporate gig
economy practices, such as hiring contingent labor or outsourcing, have been adopted by colleges
and universities across the country.
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BOX 6-1
Changing Nature of Decision-Making Under
Academic Capitalism and the Gig Academy
Part of the lack of progress of women moving into leadership during the past
few decades can be associated with the rise of academic capitalism (starting in
the mid-1980s) and the Gig Academy (starting around 2000) (Kezar et al., 2019;
Slaughter and Rhoades, 2004). Academic capitalism prioritizes the marketization,
individualism, and privatization of institutional operations as organizing principles
for higher education. This organizing principle favors managers, market-based
interests, hierarchy, and elite interests, while simultaneously moving away from a
public or collective good, worker empowerment and self-organization, and worker
participation in decision-making and the community. Marketization is promoted by
adopting a corporate logic; that is, universities are best operated as businesses
and through corporate approaches to management (Kezar et al., 2019). Individualism is achieved by promulgating values of entrepreneurialism so that workers
see themselves as solely responsible for revenue generation and competing with
others. Privatization is achieved through market-based values that defund public
higher education and encourage a competition for scarce resources.
Values of the individualism/entrepreneurialism, marketization, and privatization
of higher education shape academic decision-making and work against goals
of equity, and therefore disfavor the advancement of women and racialized minorities (Gill, 2012; Metcalfe and Slaughter, 2008; Veijola and Jokinen, 2018).
This rationale can be seen in various changes on campus around employment
practices and working conditions, such as the expansion of the contingent labor
force. Nearly 70 percent of faculty are not on the tenure track, and women are
overrepresented in this group (AAUP, 2020a, 2020b; Flaherty, 2020d). Additionally, this trend also manifests in the “outsourcing” of staff members, who are also
predominantly women, and the rising number of postdoctoral scholars, research
contingent faculty, and graduate students, now categorized as workers versus
apprentices (Kezar et al., 2019). The national average salary for contingent,
part-time faculty positions is only $24,000 a year and typically comes without
benefits or any other form of crucial support, such as professional development.
As women and People of Color move into the ranks of graduate students, postdoctoral researchers, and professors, these positions have become low paid,
de-professionalized, and contingent (Kezar et al., 2019).
Under this framework, tenure-track faculty are now incentivized to be entrepreneurial faculty stars who are rewarded for bringing in substantial grants, patents,
and licenses. As a result, faculty that engage in service work, mentoring, and
student support—typically women and Faculty of Color—are often less successful
in tenure-track jobs. Fields that are more difficult to monetize, such as the humanities (also with larger percentages of women), have gone into decline, while growth
has been in fields that can be monetized, such as technology, molecular biology,
and engineering, which have larger proportions of men (Bérubé and Ruth, 2015).
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been made at a variety of institutions unilaterally, resulting in sanctions by the
American Association of University Professors.3
According to data from the Collaborative on Academic Careers in Higher Education (COACHE),4 faculty generally rated leadership and academic governance
better in late March and April than in September 2020 (Foster, 2020). Faculty
gave their administrations this early positive rating because of the quick response
of campuses to close down in the face of the COVID-19 pandemic emergency.
However, between May and September 2020, faculty have registered concerns of
being left out of decision-making processes for months, particularly on decisions
that shape domains of teaching and learning, but also more broadly to significant
decisions about program closures, finances, and layoffs. For example, one story in
The Chronicle of Higher Education indicated that Rutgers University had almost
no teaching faculty involved in any of the critical decisions made around the COVID-19 pandemic (Taylor, 2020). Indeed, current governance trends appear to be
working in opposition to the practices of crisis and equity-minded leadership.5 In
fact, these trends work against practices of effective organizations that typically
have a more shared leadership and governance approach that is described later in
this chapter (Kezar and Holcombe, 2017).
The gender dynamics observed in the United States across various economic
sectors are also apparent in higher education in terms of gender inequality in
the workplace (Flaherty, 2020e; Pettit, 2020a). Campus administrators tend to
make decisions in a gender-neutral way, which in turn reflects past patterns of
inequitable decisions by academic leaders. Because shared governance has been
compromised within higher education during the COVID-19 pandemic, many
campuses are experiencing a heightening of gender inequalities.

3

For example, in October 2020, Canisius College, Illinois Wesleyan University, Keuka College,
Marian University, Medaille College, National University, and Wittenberg University were being
investigated by the American Association of University Professors (AAUP) to determine whether
these colleges and universities have overstepped their purview and deviated from AAUP’s widely followed principles of academic governance during the COVID-19 pandemic, particularly when laying
off tenured faculty members (Redden, 2020). AAUP has received dozens of complaints from faculty
members about unilateral decisions and actions taken by their governing boards and administrations
related to finances, returning to campus, how courses are taught, suspending key institutional regulations, reducing and closing departments and majors, compelling faculty members to teach in person,
reducing or cutting payments into retirement plans, and laying off long-serving faculty members
(Flaherty, 2020b, 2020f).
4 COACHE is a database of faculty and academic leaders’ views among several hundred college
campuses administered out of Harvard University. It is a research-practice partnership between academic institutions and COACHE that administers surveys to participating institutions and provides
data to them to support the improvement of faculty work life.
5 Crisis leadership is the process by which an organization deals with a major unpredictable event
that threatens to cripple the organization. Equity-minded leadership involves being evidence based
(i.e., using data), race conscious, institutionally focused, systemically aware, and equity advancing.
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Various studies have identified the effects of the COVID-19 pandemic
on women faculty’s productivity, as discussed in Chapter 3 (Flaherty, 2020a;
Viglione, 2020; Vincent‐Lamarre et al., 2020). Declines in hiring of tenure-track
faculty and the increased hiring of women in non-tenure-track faculty positions
suggests that fewer women will be available for leadership roles. In addition,
during 2020, faculty and academic affairs offices were asked to take the brunt
of many budget reductions, and faculty leaders questioned why they have not
seen equivalent proposals for downsizing administration and other cost centers
(Flaherty, 2020f).6
Moreover, full-time faculty faced reduced incomes resulting from furloughs
and decreased contributions to retirement programs. Longstanding data show pay
disparities between men and women in academe (AAUP, 2017, 2018), so salary
inequities are being compounded by the COVID-19 pandemic and associated
recession, particularly for households headed by women or single women. One
study found that after accounting for academic productivity, regional cost of living, specialty, term length, title, and other factors, women earned $0.12 less than
men for every dollar made (Mensah et al., 2020).
It is important for leaders to understand the broad range of issues that should
be considered and the many policies that could currently benefit from alteration.
Leaders have several resources to support them in these decisions, including
work describing appropriate ways to implement tenure clock extension policies,
approaches to faculty evaluations to reduce bias toward women and Scholars of
Color, forms of support for faculty and their transition to online learning, and
acknowledgments and rewards for women, particularly Women of Color, who
often take on the majority of service and emotional labor to support students
during this difficult time (Gonzales and Griffin, 2020).
DECISION-MAKING DURING THE COVID-19 PANDEMIC
Some emerging data indicate approaches that leaders can use to make decisions, govern, and be accountable in ways that are gender inclusive and help
to eradicate growing equity gaps. The predominant approaches include at least
three strategies: (1) utilizing the expertise of existing diversity, equity, and inclusion (DEI) staff to inform decision-making processes; (2) creating new structures
to address decision-making needs; and (3) altering existing processes to include
more voices in decision-making. A few campuses have begun to think about the
long-term implications of the COVID-19 pandemic and to recommend strategies to address this issue, such as revising strategic plans aimed at ameliorating
equity gaps.

6 Budgetary decisions favoring administrative interests over faculty inherently favor men, who occupy many more administrative positions and the most secure faculty positions.
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Utilizing Existing Diversity, Equity, and Inclusion Staff
A case study of the University of Massachusetts Amherst (UMass) exemplifies the approach of capitalizing on existing DEI staff, as well as some other key
practices, that can be instructive for other campuses (Clark et al., 2020). Changes
UMass made include altering tenure, promotion, and review policies; creating a
modified evaluation process highlighting the need for documentation; adapting
teaching expectations and evaluations; suspending teaching evaluations; establishing emergency funds for childcare and technology; accommodating salary
increases at the time of promotion based on productivity losses; and formally recognizing the intensified caregiving demands. An optional COVID-19 Pandemic
Impact Statement was provided for faculty to include in their annual reviews
and promotion and tenure cases. This is one of the few campuses to have such
a comprehensive array of changes responding to the COVID-19 pandemic and
gender inequality issues (Clark et al., 2020).
An analysis of the leadership that produced these changes found that units
across the UMass campus sought out the advice of staff participating in the National Science Foundation’s ADVANCE program,7 as well as other staff members
on campus with expertise in DEI (Clark et al., 2020). In addition, there was a
great deal of coordination across campus units to share ideas about equity recommendations for supporting women faculty and staff. Researchers identified this
openness as part of the culture change that ADVANCE had been able to create in
terms of a shared commitment and leadership to sustainable equity. The university also had strong senior leadership who spoke out about equity and made it a
priority, who met regularly with the ADVANCE team, and who both listened to
faculty needs and responded to those needs.
Another effort to include the expertise of existing DEI leaders on campus is
illustrated in the letter from chief diversity officers to academic leaders within the
University of California system.8 Campus leaders can also benefit from advice
offered by the National Association of Diversity Officers in Higher Education on
addressing inequalities during the COVID-19 pandemic.9
Creating New Structures
Some institutions have underscored the need for new structures that can
support better decision-making and leadership during this critical time. For example, Indiana University is investing in additional racial justice research and
is creating a task force to address the negative impact COVID-19 has had on
7 ADVANCE is a program funded by the National Science Foundation to increase the number of
and support for women faculty and Faculty of Color in STEM. More information can be found at
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5383.
8 Available at https://diversity.universityofcalifornia.edu/policies-guidelines/COVID-19.html.
9 Available at https://nadohe.memberclicks.net/assets/PressReleases/_NADOHE%20Statement%20
on%20DEI%20Training.pdf.
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women faculty and researchers. The Gender Equity in Research Task Force at
Indiana University explores the negative impact the COVID-19 pandemic has
had on research productivity and suggests both short- and long-term actionable
solutions within the university’s research context. Other leaders have suggested
implementing Rapid-Response Leadership Teams that include DEI experts
(Goodwin and Mitchneck, 2020), establishing a COVID-19 Pandemic Response
Faculty Fellow, and creating a COVID-19 Pandemic Faculty Merit Committee
(Flaherty, 2020a). For these new structures, the faculty and administrative leaders designing them are aiming to ensure better decision-making, since this group
is specifically tasked with ensuring gender equity, taking a gender advocacy and
equity, not neutral, approach.
Altering Existing Processes
A group of concerned faculty at the University of California, Los Angeles
(UCLA) suggested that their administration be proactive on and reach out to various existing policy groups, such as tenure and promotion committees, to discuss
how to handle the impact of COVID-19. At the same time, they advocated for
a new group to develop policies for existing decision groups that may not have
this expertise. The faculty informed its administration that it will need guidelines
on how to quantify impacts of COVID-19 on teaching, research, and service,
as well as clear metrics, tangible benchmarks, and effective communication to
decrease bias in merit and promotion decisions (UCLA, 2020). Regarding longerterm accountability and transparency, UCLA faculty leaders are encouraging the
university to respond to this COVID-19 pandemic by developing a strategic action plan, which includes metrics and accountability for dealing with changes in
faculty productivity because of COVID-19 over the long term.
Other suggestions build on this notion of developing processes for supporting
existing institutional decision-making structures but altering these processes so
they include different individuals who might be more sensitive to gender equity
issues. For example, one group recommended that academic leaders establish
inclusive communication, continued monitoring for equitable distribution of resources, and conscientious attention to differential impacts on the workplace
climate (Goodwin and Mitchneck, 2020). These investigators also suggested
exploring who is at the decision-making table, as it will affect whether gender
equity emerges, and engaging campus leaders and experts in DEI, which will
broaden participation in decision-making and ensure needed attention to faculty
DEI concerns. Another strategy is ensuring funding for DEI work so that this
work continues even during the COVID-19 pandemic and inequities do not become larger and more exacerbated. Several efforts are paired with broad-based
surveys of faculty and staff to understand specific needs and concerns on a
campus related to caregiving, workload, and productivity during the COVID-19
pandemic. (See Chapters 3 and 4 for more information.)
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There have also been dozens of suggestions from campuses for a combination
of new structures as well as new decision processes that would ensure greater accountability and transparency in decision-making. One instructive example is from
the University of Toronto, where a process was proposed for clear internal policies
and guidelines aimed at protecting workers. The proposed process included increasing the frequency of open stakeholder meetings to ensure that worker perspectives
were considered in decision-making as it pertains to operations during both lockdown and reopening (OCUFA, 2020; University of Toronto, 2020).
LEADERSHIP AND DECISION-MAKING TO
ADDRESS CRISES AND INEQUITIES
Based on studies of the type of leadership needed to make equitable decisions and decisions in complex environments such as the COVID-19 pandemic,
three key types of leadership—equity-minded, shared, and crisis—can help inform the leadership of administrators, governing boards, and other governing
groups and decision-making entities. While a growing body of research provides suggestions about how to create equitable changes in “normal” times, it is
particularly important to also look at the literature on crisis leadership to help
inform decision-making during the COVID-19 pandemic and similar disruptions.
Perhaps surprisingly, some key practices that work during normal times can also
work during a crisis when implemented with intentionality.
Equity-Minded Leadership
To reverse the gender inequity trends that have emerged both before and
during the COVID-19 pandemic in 2020, leaders in higher education could be
well served by taking an equity-minded leadership approach. Equity-mindedness
is defined as being evidence based (i.e., using data to explore inequalities), race
conscious, institutionally focused, systemically aware, and equity advancing
(Dowd and Bensimon, 2014). When practicing equity-mindedness, individuals
question their own assumptions, recognize biases and stereotypes that harm
the advancement of equity goals, become accountable for closing equity gaps,
and see closing racial, gender, and other gaps as their personal and institutional
responsibility. To understand and become equity-minded, various practitioners
(faculty, administration, staff, etc.) assess and acknowledge that their practices
may not be working and understand inequities as a dysfunction of the existing
structures, policies, and practices that were not created to serve today’s students,
and that they can change (Dowd and Bensimon, 2014). A lack of awareness of
these issues is what keeps reproducing gender inequalities over time. While there
is a need to continue to change the representation of leaders so that they have
greater awareness of different circumstances, such as race and gender, equitymindedness focuses on leaders of any background being able to adopt an equity
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mindset (Kezar and Posselt, 2020). Since the race and gender of current leaders
is unlikely to change soon, equity-mindedness is particularly important at this
time to make needed changes.
Equity-minded leaders can have both immediate and lasting impacts on a
campus’s ability to close equity gaps and goals (Galloway and Ishimaru, 2015;
Kezar and Posselt, 2020; Shields, 2010; Theoharis, 2007). For example, research
documents how leaders that adopt an equity-minded approach have been successful in closing equity gaps for students in college (Dowd and Bensimon,
2014). Equity-minded leaders dismantle discriminatory policies, use data and
assessment to understand inequity, and shift the consciousness among educators
when it comes to discrimination and bias (ASCCC, 2010; CDE, 2010; Felix et
al., 2015; Galloway and Ishimaru, 2015; Santamaría, 2014). Several of the suggested structures offered by campuses, such as rapid response teams, COVID-19
pandemic task forces, highlight the importance of having a mechanism for integrating equity-minded thinking into decision-making processes at campuses
(Goodwin and Mitchneck, 2020). While they were forming, it might have been
helpful for these rapid-response and COVID-19 pandemic teams to look at the
equity-minded leadership literature to help support their work.
Shared Leadership
Shared leadership is “the dynamic, interactive influence process among individuals in groups for which the objective is to lead one another to the achievement
of group or organizational goals or both” (Pearce and Conger, 2003).10 A review
of literature on shared leadership found four key elements that characterize shared
leadership (Kezar and Holcombe, 2017):
• A greater number of individuals take on leadership roles than in traditional models.
• Leaders and followers are seen as interchangeable. In some cases, this
may mean that leadership occurs on a flexible and emergent basis, while
in others it rotates more formally.
• Leadership is not based on position or authority. Rather, individuals with
the expertise and skills needed for solving the problem at hand are those
that lead. To that end, multiple perspectives and expertise are capitalized
on for problem solving, innovation, and change.
• Collaboration and interactions across the organization are typically
emphasized.
Inherent in this approach is a greater honoring of the multiple perspectives that make up a campus, which typically leads to much more inclusive
10

This section draws largely from Kezar and Holcombe (2017).
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decision-making and equitable outcomes. Decentralization and the promotion
of local autonomy increase the adaptability of organizations and allow them to
respond creatively and quickly to changing environmental conditions (Heifetz,
1994; Wheatley, 1999).
Studies of shared leadership demonstrate that it tends to develop decisions
that are more inclusive and equitable and to represent more diverse perspectives
(Pearce and Conger, 2003; Wheatley, 1999). Studies have explored the potential
of shared leadership for improving gender equity and found that it is associated
with better performance for students and creating a better work environment for
teachers and administrators (Hrabowski III, 2019; Shakeshaft et al., 2007). Many
of these studies suggest that shared leadership is especially beneficial in complex
environments that require frequent adaptations, such as a pandemic (Feyerherm,
1994; Pearce and Sims Jr., 2002; Pearce et al., 2004).
Crisis Leadership
There have been several studies specifically focused on crisis leadership in
higher education (Fernandez and Shaw, 2020; Gigliotti, 2019, 2020) that have
identified three leadership practices to help navigate a crisis: (1) connecting with
people broadly as individuals and establishing mutual trust, (2) distributing leadership throughout the organization, and (3) communicating clearly and often with
all stakeholders (Fernandez and Shaw, 2020). Reports in the academic trade press
suggest that faculty and staff have been advocating for regular meetings with senior university leaders and for creating avenues for communication between decision makers and those affected by the decisions (Flaherty, 2020b, 2020c, 2020f).
Effective leadership during a crisis also benefits from shared or distributed
leadership so that those with expertise about policies and practices at the ground
level can easily communicate with those who have decision-making authority.
During a crisis, leaders who emphasize empowerment, involvement, and collaboration allow themselves a greater degree of agility and innovation than is possible
with an inflexible hierarchical leadership paradigm (Kezar and Holcombe, 2017).
The third area of consensus related to crisis leadership is clear, frequent
communication with stakeholders. During a crisis, it is important to use multiple
communication channels (Robbins and Judge, 2018). In the context of the COVID-19 pandemic, when people are unable to engage in face-to-face communication because of social-distancing practices, leaders considered live streaming of
updates or messages of encouragement (Fernandez and Shaw, 2020). The choice
of communication approach should also consider stakeholders’ preferences. Faculty and staff may prefer updates from leadership through email, while students
may prefer a variety of social media platforms or text messages.
Researchers have studied campuses in crisis and identified active listening
as another area of communication important for quality decisions (Kezar et al.,
2018). Active listening is a structured form of listening and responding that
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focuses the attention on the speaker—instead of on one’s own perspectives—
and improves mutual understanding without debate or judgment (Kezar et al.,
2018). Many of the emerging recommendations from faculty and staff during
the COVID-19 pandemic have also related to more transparency with decisionmaking and increased communication. From accounts in the media, the current
communication approach on campuses is failing and is exacerbating inequities
(Flaherty, 2020b, 2020f).
DATA GAPS ON ACADEMIC LEADERSHIP
AND DECISION-MAKING
There are limitations in the literature on academic leadership and decisionmaking. It has been almost a decade since the National Center for Education
Statistics stopped collecting data for the National Study of Postsecondary Faculty, resulting in limited data about decision-making and leadership related to
the COVID-19 pandemic. In addition, studies of successful leadership practices
during the COVID-19 pandemic in 2020 were often based on single case studies
and should be understood to have limited ability to generalize. For example, the
COACHE faculty job satisfaction survey is one of the only sources of faculty
members’ views on governance and leadership. There has been intermittent data
collection related to leadership representation in higher education with a focus on
presidents and governing board members, which leaves critical gaps in knowledge
related to other administrative roles. Similarly, there are not enough data collected
on Leaders of Color or studies that evaluate the impact of decision-making on
gender as well as racial and ethnic inequalities. Few studies have incorporated
an intersectional perspective, grounding race and evaluating the intersection with
other identities such as gender (Harris and Patton, 2019).
CONCLUSION
Historically, gender inequalities are pervasive among leaders in higher education leadership and their decision-making process, and the emergence of the
Gig Academy has exacerbated gender inequalities. However, many campuses
have existing efforts or offices (e.g., ADVANCE, DEI offices) working on changing the campus cultures and support equity over the long term. Leaders who are
focused on addressing gender equity would benefit from working strategically to
address the emerging gender inequalities of the COVID-19 pandemic observed
during 2020. Many campuses may need more mechanisms for bringing faculty
and administrators together around decision-making and leadership, particularly
for non-tenure-track faculty that are often excluded from governance. While
there is evidence from the first 9 months of the COVID-19 pandemic of worsening gender inequalities, there are also existing strategies available for reversing
these trends.
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Mental Health and Well-being1

INTRODUCTION
During normal times, being disadvantaged has been associated with worse
mental and physical health (Vanderbilt et al., 2013; Williams, 2018). However,
during times of extreme societal stress, such as during 2020, the negative effects of being disadvantaged are often accentuated. For example, according to
the Bureau of Labor Statistics, the number of unemployed people in the United
States increased by 6.8 million between February 2020 and October 2020, with
women, particularly those who identify as Black or Latina or disabled, affected
disproportionately. In addition, as mentioned previously, COVID-19 infection and
death rates are higher among those from socioeconomic or race/ethnic minority
groups; this is also true for individuals with underlying health conditions, including mental illness (Boserup et al., 2020; Fond et al., 2020).
This chapter focuses on the mental health effects of the COVID-19 pandemic for women in science, technology, engineering, mathematics, and medicine
(STEMM). The evidence presented here highlights ways mental health may affect women’s engagement in STEMM fields. In particular, this chapter provides
evidence that psychosocial, professional, and biological factors contribute to
greater risk for mental health concerns among academic women versus men in
STEMM fields.
The evidence available at the end of 2020 from across the globe indicated
that women in the general population, particularly those on the frontlines of
1 This chapter is primarily based on the commissioned paper “The Impact of COVID-19 on the
Mental Health of Women in STEMM,” by C. Neill Epperson, Elizabeth Harry, Judith G. Regensteiner,
and Angie Ribera.
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health care, were at greatest risk of adverse mental health effects during the
COVID-19 pandemic. There were, however, few studies focusing on the effects
of stress on, or the mental health of, women in STEMM fields outside of medicine and nursing. Therefore, this chapter discusses key indicators and evidencebased assessments for burnout and mental illness, gender differences in stress
exposures, the effects of epidemics and pandemics on the workforce in specific
STEMM fields such as medicine and nursing, and the effects of social-distancing
public health requirements on university students and faculty more generally, as
well as interventions to promote well-being among academic women in STEMM
fields. Where appropriate, data from studies focusing on the impact of previous
epidemics and the COVID-19 pandemic on the mental health of women in health
care and those in the general population were extrapolated to women in academic
STEMM. Finally, the majority of the data reviewed assumes that women are those
who were identified as women at birth (cisgender women). Where it is possible,
this chapter describes how the intersectionality of gender minority status may be
affected by the current crisis. Similarly, the chapter utilizes data from the general
population to extrapolate to People of Color, with a few exceptions noted.
EFFECTS OF ISOLATION AND SOCIETAL
STRESS FOR WOMEN IN STEMM
It is well documented in both preclinical and human studies that chronic
and unpredictable stress, such as what occurred during the COVID-19 pandemic
in 2020, is the most detrimental form of stress for health (Yaribeygi et al.,
2017). Gender differences in stress exposures and in biological response to
stress may interact to increase risk of mental health problems for women during
the COVID-19 pandemic. Factors such as social isolation, caregiving, and job
insecurity, all more common among women during previous pandemics, have
been associated with greater mental health concerns (Connor et al., 2020).
Discrimination and marginalization have long been recognized as stressors
and contributing factors to poor mental health (Schmitt et al., 2014; Sutter and
Perrin, 2016). Women and other underrepresented groups studying and working
in STEMM fields are disadvantaged to a greater degree than their male counterparts (Myers et al., 2020; Woitowich et al., 2020). Women in academic STEMM
fields are more likely to be early in their career (NASEM, 2020), have a lower
salary regardless of professional ranking in STEMM (Raj et al., 2019), be a single
parent or a primary caregiver (Calisi et al., 2018; Jolly et al., 2014; Yavorsky et
al., 2015), and report experiencing greater work-related stress (Ornek and Esin,
2020) and discrimination in the workplace or their community (Jagsi et al., 2016;
Lu et al., 2020). Stressors such as these (discussed more fully in Chapters 2, 3,
and 4) are compounded for women by the same social isolation, work disruption, financial worries, and health concerns experienced by others during the
COVID-19 pandemic.
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Social isolation can be an additional stressor specifically for women in
STEMM. Social support—particularly that gained from in-person contact—is
a protective factor against the adverse effects of stress on health (Connor et al.,
2020), and during many recent societal stressors in the United States, such as
natural disasters and terrorist attacks, individuals have been able to gather with
family, friends, and colleagues to grieve and heal. Epidemics and pandemics are
unique in their requirement for social distancing, which is in direct opposition to
human nature under times of stress and increases risk for poor mental and physical health (Umberson and Montez, 2010).
Particularly in fields such as engineering, physics, computer science, and
certain subspecialties of medicine, women are likely to be in the minority and
have fewer women role models at the rank of professor or in other leadership
positions (NASEM, 2020). Because women are more likely than men to use social relationships to cope with stress or threat (Smith, 2014; Taylor et al., 2000),
social distancing during the COVID-19 pandemic could exacerbate the relative
lack of social support from women colleagues, mentors, and role models, as discussed in Chapter 5. For example, women university students who use a coping
style characterized by greater social supports showed a reduction in physiologic
response to stress, both across the day and during a laboratory stressor (Sladek et
al., 2017). Taken together with exposure to fewer women in the workplace and the
importance of social support to stress regulation among women, it may be beneficial for leaders in academic institutions to consider the social distancing required
during the COVID-19 pandemic as they create programs to maintain engagement
of academic women in STEMM fields (see Chapter 6 for more on leadership).
Finally, during pre-COVID-19 pandemic times, women across the globe
were more likely to have depression, anxiety, posttraumatic stress, and insomnia
(Bracke et al., 2020). The main mental health conditions most exacerbated by
recent societal stressors—such as terrorist attacks, natural disasters, and infectious disease outbreaks—are insomnia, depression, anxiety, posttraumatic stress,
and alcohol and drug use (Cabarkapa et al., 2020; Esterwood and Saeed, 2020).
Each of these, with the exception of alcohol and drug abuse, are disorders that
occur more frequently among women (Bracke et al., 2020).
EFFECTS OF COVID-19 PANDEMIC-RELATED
STRESS ON WOMEN IN STEMM
Several organizations, including the Centers for Disease Control and Prevention, Veterans Health Administration, state governments, and public health
agencies, have developed web pages listing a wide range of COVID-19–associated sources of stress, such as personal, family, and community health related to
the risk of infection; financial related to loss of job or wages; childcare resulting
from school and/or daycare closures; social isolation; and the uncertain future
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trajectory of the COVID-19 pandemic and its consequences (Park et al., 2020;
UN, 2020). These kinds of stressors may affect women and men differently.
As discussed in Chapter 4, women tend to be the major caregivers within an
extended family, and, as a result, they are more likely to experience increased
stress associated with caring for themselves, loved ones, or friends who contract
disease. Along with social isolation and sheltering, there has been an increase in
domestic violence during the COVID-19 pandemic, adding yet another stressor
predominantly for women (Boserup et al., 2020).
Women are at greater risk of medical issues such as endocrine, immune,
rheumatologic, and neurologic conditions that are frequently comorbid with depression and anxiety (Desai and Brinton, 2019; Golden and Voskuhl, 2017; van
der Woude and van der Helm-van Mil, 2018). Many of these conditions are stress
sensitive, increasing the risk of an exacerbation during the COVID-19 pandemic
(Gazerani and Cairns, 2020). In addition, women are more likely to be diagnosed
with autoimmune diseases that put them into an at-risk category that could affect
their ability to work in any STEMM field that requires some level of social or
in-person contact during the COVID-19 pandemic.
There are special concerns related to women health-care workers. As with
any pandemic, frontline health-care workers are most at risk for exposure and
contracting SARS-CoV-2.2 However, approximately 77 percent of the health-care
frontline workforce is made up of women, creating a greater overall infection risk
for women in this STEMM field (Robertson and Gebeloff, 2020). In addition to
caring for their own families (see Chapters 2 and 4 for more information), women
health-care workers are more likely than men health-care workers to be at the
bedside taking care of patients with COVID-19 and managing the distress of
family members and of the sick and dying (Lai et al., 2020). Women health-care
workers are also more likely than men health-care workers to work shift-based
schedules that can be unpredictable and can negatively affect circadian rhythms
and sleep (Lai et al., 2020).
Mothers-to-be in STEMM, meanwhile, face additional COVID-19 pandemic
stressors and consequences (Staniscuaski et al., 2020). Prenatal care, delivery,
and infant needs present financial challenges and stress (Ahlers-Schmidt et al.,
2020), and concerns about infection during pregnancy not only create stress
but lead to avoidance of medical services and worries about how delivery will
occur (Berthelot et al., 2020; Preis et al., 2020a, 2020b). Given that increased
maternal stress will negatively affect the progression of pregnancy, it is imperative
for all mothers to receive care that minimizes disease exposure and delivery
complications. Similar to women in STEMM with underlying medical conditions,
pregnant women in STEMM have to consider the location of their work and
whether colleagues and labmates are careful about their own exposures to the
2

The virus that causes COVID-19.
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novel coronavirus. Institutional procedures to ensure safety in the workplace by
ensuring access to testing, screening those who come to campus, and rapidly
responding to contain outbreaks are essential for these women to be able to use
laboratory facilities.
For women in academic STEMM in general, the COVID-19 pandemic has
exacerbated many stresses women in academia face under usual conditions, as
discussed in Chapters 3, 4, and 5 (Howe-Walsh and Turnbull, 2016). For example,
the mantra “publish or perish” emphasizes survival, let alone success, in academia
and requires one to continually publish papers and obtain funding. As described
more fully in Chapter 3, the effects of the COVID-19 pandemic on women in
academic STEMM fields has already been observed as a decrease in productivity.
With variation by discipline, women published fewer papers and received fewer
citations of their work between March 2020 and December 2020 (Amano-Patino
et al., 2020; Andersen et al., 2020; Gabster et al., 2020).
THE COVID-19 PANDEMIC AND THE MENTAL AND
PHYSICAL HEALTH OF WOMEN IN STEMM
During 2020, the COVID-19 pandemic accentuated gender differences in
mental health concerns such as depression, anxiety, posttraumatic stress, and insomnia (Carmassi et al., 2020; Guadagni et al., 2020; Pappa et al., 2020). Delays
in clearance for conducting research during 2020, a result of the COVID-19 pandemic, led researchers to experience increased burnout, sleep disturbance, poor
appetite, increased interpersonal problems, and decreased motivation (Sharma et
al., 2020). The confluence of major events, including the COVID-19 pandemic,
racial injustices, and geopolitical unrest, affected academic faculty in multiple domains professionally and personally (Gruber et al., 2020). Each of these outcomes
serves as a surrogate measure of well-being and risk for mental health problems
during and after the COVID-19 pandemic.
There is a reciprocal relationship between employee well-being and institutional success (Attridge, 2007, 2009).3 Employee well-being affects institutional
metrics and culture, while institutional culture, policies, and procedures affect
individual employee well-being. This section discusses key indicators that leaders can use to identify risk of declining employee well-being, including mental
illness, burnout, and sleep disturbance.

3 Employee well-being is defined “as an integrative concept that characterizes quality of life with
respect to an individual’s health and work-related environmental, organizational, and psychosocial
factors. Well-being is the experience of positive perceptions and the presence of constructive conditions at work and beyond that enables workers to thrive and achieve their full potential” (Chari et
al., 2018, p. 590).
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Burnout as a Key Indicator of Overall Mental
Well-being and Job Satisfaction
Burnout can be measured and has documented negative effects on individuals
in the workforce, with considerable attention paid to individuals in health-care
professions (NASEM, 2019b).4 Academic medical centers pay particular attention to the prevalence and prevention of burnout among health-care workers,
including the effects of burnout on patient safety, quality of care, and professionalism (Panagioti et al., 2018). Across the workforce more generally, high levels of
burnout (variably defined) have been associated with a number of somatic conditions, including high blood pressure, coronary artery disease, and diabetes (Guan
et al., 2017; von Känel et al., 2020). Women in medicine, nursing, and basic
science research report higher levels of personal and work-related burnout than
men in similar roles (Gold et al., 2016; Linzer et al., 2000; Messias et al., 2019;
Rabatin et al., 2016). These gender differences in the individuals’ relationship to
work starts early in academic training. A recent 3-year longitudinal study from
Germany comparing freshmen medical students with STEM students indicated
that STEM students started and continued to demonstrate greater burnout-related
risk patterns compared with medical students. Women students showed a more
unfavorable pattern regardless of group (Voltmer et al., 2019).
Institutional leaders have several validated tools to measure burnout available
to them, including the Maslach Burnout Inventory–Human Services Survey for
Medical Personnel and the Copenhagen Burnout Inventory (designed to be used
for any occupation; see Table 7-1; NAM, n.d.). Similarly, there are several validated tools to measure composite well-being, including the Stanford Professional
Fulfillment Index. These tools can be used to monitor burnout and well-being
among those in the STEMM environments, with particular attention to vulnerable populations such as women, trainees, and people with identities historically
marginalized or excluded in STEMM.
Factors Contributing to Burnout
During 2020, the COVID-19 pandemic exacerbated many of the long-standing factors that contribute to greater burnout among women, compared with
men, in the STEMM professions. Prior to the COVID-19 pandemic, women in
STEMM reported greater emotional exhaustion, a domain of burnout; greater
cynicism; and lower academic efficiency in environments described as “chilly”
and unwelcoming to women (Jensen and Deemer, 2019). A comprehensive review
4 The World Health Organization defines burnout as “a syndrome conceptualized as resulting
from chronic workplace stress that has not been successfully managed. It is characterized by three
dimensions: (1) feelings of energy depletion or exhaustion; (2) increased mental distance from one’s
job, or feelings of negativism or cynicism related to one’s job; and (3) reduced professional efficacy.
Burn-out refers specifically to phenomena in the occupational context and should not be applied to
describe experiences in other areas of life” (WHO, 2019).
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of burnout among university teachers working in multiple countries indicated that
men are more likely to report cynical and negative approaches to others (depersonalization), while women were more likely to report greater emotional exhaustion (Purvanova and Muros, 2010; Wyatt and Robertson, 2011), both symptoms
of burnout (Maslach and Jackson, 1993). Moreover, there is some research indicating that women were more likely to score higher than men on all dimensions
of burnout (Wyatt and Robertson, 2011). Being younger, having a larger student
load, and growing tuition costs among students were also associated with greater
symptoms of burnout.
When juggling more domestic responsibilities, as discussed in Chapters 2
and 4, women experience a higher overall cognitive load, putting them at higher
risk of burnout. For example, when women physicians are performing more of
the domestic responsibilities, they are more likely to wish for a career change,
particularly when in a procedural field (Lyu et al., 2019). In addition, high task
loads of workplace environments may also contribute to enhanced burnout (Harry
et al., 2019). Women are also more likely to take time at home or reduce hours to
accommodate the COVID-19 pandemic, as noted in Chapters 3 and 4, which may
propagate gender inequities and gaps in compensation (Brubaker, 2020). Leaders
in STEMM environments can take steps to measure the climate for women in
their institution, have a process to monitor if more women than men are decreasing hours or full-time equivalents, and evaluate the task load placed on employees
using a validated tool such as the National Aeronautics and Space Administration
(NASA) Task Load Index (NASA, n.d.).
Sleep Quality
Insomnia is both a symptom and a predictor of onset or exacerbation of a
number of mental health disorders, including depression, bipolar disorder, posttraumatic stress disorder (PTSD), and substance abuse. Sleep disturbance is also
associated with greater risk for suicide among those with mental illness (R.T.
Liu et al., 2020; Weber et al., 2020). Prior to the COVID-19 pandemic, studies
examining sleep have focused on the workforce in general or specific patient or
demographic populations, with health-care workers, particularly nurses, reporting worse sleep quality than the general population (Khatony et al., 2020; Zeng
et al., 2019).
Psychological stress is a primary contributor to reductions in sleep quality (Kim and Dimsdale, 2007), and many of the COVID-19 pandemic-related
stressors create risk for the onset and worsening of insomnia and health burdens
related to poor sleep quality among frontline health-care providers (Kobayashi
and Mellman, 2012). Since the COVID-19 pandemic and its associated public
health measure were implemented across nations, a focus has been on health-care
workers and students. Similar to reports with previous coronavirus epidemics,
such as severe acute respiratory syndrome, or SARS, and Middle East respiratory syndrome, or MERS, insomnia is one of the most common and consistently
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reported concerns among health-care workers (Pappa et al., 2020) and is a predictor of job exit among middle-aged and older adults (Dong et al., 2017).
Data from multiple nations indicate an increase in poor sleep quality and
complaints of insomnia in the general population during the COVID-19 pandemic,
but to a significantly greater degree among health-care workers (Cabarkapa et al.,
2020; Li et al., 2016; Marelli et al., 2020; Romero-Blanco et al., 2020; Sheraton
et al., 2020). For example, between March 1 and April 30, 2020, health-care
workers in Spain reported a higher prevalence of new onset or worsening of
insomnia compared with non-health-care workers (Herrero San Martin et al.,
2020). Given many of the stressors experienced by women health-care workers
are also experienced by women in academic STEMM fields, much of these data
can potentially be generalized.
Sleep quality among university students may also be unduly affected by the
shutdown. A recent longitudinal (pre- and post-lockdown) study of 207 nursing
students in Spain revealed that being a woman, being a first- or second-year
student, living with one’s family, and use of alcohol were associated with significantly worse sleep quality (Romero-Blanco et al., 2020). Similarly, a longitudinal
study including Italian university students indicated a worsening in sleep parameters, particularly among women students, during the lockdown from March 10,
2020, to a partial lifting on May 3, 2020 (Marelli et al., 2020). While more than
half of the students reported clinically meaningful sleep problems before the
COVID-19 pandemic shutdown, almost three-quarters fell into this range after
the shutdown was partially lifted.
Women who have caregiving responsibilities also report changes to sleep
quality during the COVID-19 pandemic. A recent study (Zreik et al., 2020) in
Israel found an increase of self-reported insomnia in mothers with at least one
child between the ages of 6 and 72 months during home confinement related to
the COVID-19 pandemic from 11 percent (retrospective report) to 23 percent.
Women who are balancing work-related expectations with “sandwiched care”
responsibilities (such as caring for both emerging adult children and elderly
parents; see Chapter 4) can greatly impact sleep quality and may lead to women
leaving academic STEMM (Mavriplis et al., 2010). Importantly, insomnia was
found to be a predictor of employed workers ages 50–70 leaving the workforce
because of poor health (Dong et al., 2017). Hence, institutions cannot afford to
ignore insomnia as a potential contributing factor to women leaving academic
STEMM during and after the COVID-19 pandemic.
Relevant sleep quality for People of Color, everyday discrimination, and the
perceived stress of racism are associated with worse self-reported sleep quality
(Grandner et al., 2012; Vaghela and Sutin, 2016). As racism and other forms
of discrimination in the workplace remain common (Fekedulegn et al., 2019),
particularly for Women of Color, it would be expected that Black women in
STEMM carry the additional burden of perceived stress of racism on sleep quality
during COVID-19. Moreover, it is well documented that the physical and mental
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health of People of Color and their access to medical interventions, particularly
for mental illness, were lacking even prior to the COVID-19 pandemic (Breslau
et al., 2017; IOM, 2011; Mangrio and Sjögren Forss, 2017). Given that mental
health conditions are also associated with a decreased utilization of primary care
services (DeCoux, 2005), the intersection of COVID-19 pandemic-related stress,
reductions in access to medical care, fear of infection, and other barriers may
have a greater impact on women and People of Color in the months and years to
come. However, the relationship between the effects of mental health and chronic
health conditions for women compared with men in the setting of the COVID-19
pandemic was not understood at the end of 2020.
Assessing Mental Health in the STEMM Workforce
Validated tools such as the 2-item and 9-item Patient Health Questionnaires,
or PHQ-2 and PHQ-9 (Kroenke et al., 2001, 2003), the Generalized Anxiety
Disorder 7-Item (GAD-7; Spitzer et al., 2006) questionnaire, the Posttraumatic
Stress Disorder Checklist (PCL; Bovin et al., 2016), and sleep-related impairment
measures, such as the Insomnia Severity Index or the Pittsburgh Sleep Quality
Index (Buysse et al., 1989), are validated measures to assess the likelihood of
developing a serious mental condition (Morin et al., 2011; NAM, n.d.; Spitzer et
al., 2006; Yu et al., 2011). A description of these instruments and symptom severity range is included in Table 7-1. Given continued concerns among the academic
and medical workforce that seeking mental health care will adversely affect their
professional standing among their peers and threaten their career opportunities
(Feist et al., 2020), institutions may experience resistance to widespread assessment for mental health conditions. Utilizing burnout scales or assessments for
sleep disturbances may be a less stigmatizing method to obtain a proxy for faculty
mental health during and after the pandemic.
COVID-19–Specific Stress Measures
Essential workers in STEMM fields, such as medicine and nursing, work at
the epicenter of the COVID-19 pandemic and, as a result, face increased risk for
infection and overall higher rates of stress. The recently developed COVID Stress
Scales (CSS; Taylor et al., 2020) categorize stressors from the COVID-19 pandemic into five categories: danger and contamination fear, social and economic
stress, traumatic stress symptoms, checking and reassurance-seeking behavior,
and xenophobia. Recent findings suggest that the five factors of the CSS form a
COVID-19 pandemic stress syndrome. In the general population, each of these
factors can contribute to increased substance use and abuse risk. These factors can
be compounded in essential workers, placing this group at particularly high risk
for substance use and abuse (McKay and Asmundson, 2020). While there were
no data available at the end of 2020 specifically for women and People of Color
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TABLE 7-1 Validated Measurements of Mental Well-being
Instrument

Description

Patient Health
Assesses depressed mood and decreased interest/pleasure. Responses
Questionnaire – 2-Item ranging from 0 = not at all to 3 = nearly every day. Total scores of 3 are
(PHQ-2; Kroenke et al., considered indicative of major depression. Reference period = past week.
2003)
Patient Health
Questionnaire – 9-Item
(PHQ-9; Kroenke et al.,
2001)

Frequency of depression symptoms are measured using a scale ranging
from 0 = not at all to 3 = nearly every day. Scores range from 0 to 27
with mild (5–9), moderate (10–14), moderately severe (15–19), and
severe (20–27) depression. Reference period = past week.

Generalized Anxiety
Disorder – 7-Item
(GAD-7; Spitzer et al.,
2006)

Measure of generalized anxiety disorder. Frequency of anxiety
symptoms are rated as 0 = not at all to 3 = nearly every day. Total score
range = 0 to 21, with mild (5–9), moderate (10–14), and severe (15–21)
anxiety. Reference period = past 2 weeks.

Insomnia Severity
Items 1–3 assessed the nature of insomnia with questions related to
Index (ISI; Morin et al., problems falling asleep, staying asleep, and early awakening (0 = no
2011) (7 items)
problem to 4 = very severe). Item 4 assessed dissatisfaction with sleep (0
= very satisfied to 4 = very dissatisfied). Items 5–7 assessed the impact
of insomnia by asking about sleep difficulties interfering with daytime
functioning, etc. (0 = not at all to 4 = very much). Scores range from 0
to 28 with >10 considered indicative of insomnia.
Pittsburgh Sleep
Quality Index (PSQI;
Buysse et al., 1989)
(19 items)

Individuals report on seven components of sleep: sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances, use
of sleeping medication, and daytime dysfunction. Scores on the seven
components (weighted equally on a 0–3 scale) are added for a total score
of 0–21. A score of >5 is considered indicative of poor sleep quality.
Reference period = past month.

PTSD Checklist for
DSM-5 (PCL-5;
Blevins et al., 2015)
(20 items)

Respondents report on how much they have been bothered by each
PTSD symptom using a scale ranging from 0 = not at all to 4 =
extremely. The items tap into four subscales: re-experiencing, avoidance,
hyperarousal, and negative alterations in cognition and mood. Total score
ranges from 0 to 80. Reference period = past month.

Maslach Burnout
Inventory – Human
Services Survey for
Medical Personnel
(MBI-HSS MP;
Maslach and Jackson,
1993) (22 items)

Measures three aspects of burnout: emotional exhaustion (EE; 9
items), depersonalization (DP; 5 items), and low sense of personal
accomplishment (PA; 8 items). Frequency of experiences ranges from 0
= never to 6 = every day. Items are added for a total score ranging from
0 to 54 for EE, 0 to 30 for DP, and 0 to 48 for PA. A score of 27 on the
EE subscale and a score of either 10 on the DP subscale or 33 on the PA
subscale are considered indicative of burnout.

Stanford Professional
Fulfillment Index (PFI;
Trockel et al., 2018)
(16 items)

Measures burnout and personal fulfillment in physicians. Four
items assess work exhaustion (e.g., EE at work) and 6 items assess
interpersonal disengagement using a scale ranging from 0 = not at all to
4 = extremely. The 6 items related to professional fulfillment (e.g., my
work is meaningful to me) use a scale ranging from 0 = not at all true
to 4 = completely true. The items are added for a total score of 0 to 64.
Reference period = past 2 weeks.
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TABLE 7-1 Continued
Instrument

Description

Copenhagen Burnout
Inventory (CBI;
Kristensen et al., 2005)
(19 items)

Measure of burnout in any occupational group. Three aspects of burnout
are assessed: Prolonged physical or psychological exhaustion perceived
to be related to personal (6 items) or work life (7 items) and 6 items
related to working with clients. Items are rated on frequency where 0
= never or almost never, 25 = seldom, 50 = sometimes, 75 = often, 100
= always or 0 = to a very low degree; or bother, where 25 = to a low
degree, 50 = somewhat, 75 = to a high degree, and 100 = to a very high
degree. Subscale range is 0–100.

NASA Task Load Index
(NASA-TLX; Hart and
Staveland, 1988) (6
items)

Assesses subjective experience of workload. Individuals report on six
dimensions: mental demand, physical demand, temporal demand (i.e.,
time pressure to complete tasks), performance, effort, and frustration
level. Each dimension is rated on a 0 to 100 scale in 5-point increments.
The dimensions can be weighted by using 15 pair-wise comparisons of
the dimensions (e.g., comparing whether mental demand versus physical
demand contributed more to workload). Each dimension can be chosen
from 0 (not relevant) to 5 (more important than any other dimension)
times. Ratings of dimensions deemed to be most important in creating
the workload of a task are given more weight in computing an overall
workload score.

regarding scores on the CSS, one can extrapolate that any group that came into
the COVID-19 pandemic facing health disparities or lower professional standing
(e.g., lack of seniority and lower salary) could experience the COVID-19 pandemic as a greater threat to their health and financial stability.
Depression and Anxiety
Depression and anxiety are frequently comorbid conditions, and most studies
of mental well-being during the COVID-19 pandemic have measured both, often
using standardized ratings such as the PHQ2/PHQ9 and the GAD-7 (see Table
7-1). As measured in 2020, the prevalence of depression symptoms, including
those in the moderate to severe range, in the general U.S. population was 3-fold
higher during the COVID-19 pandemic than before (Ettman et al., 2020). The
risk factors included lower economic resources and greater exposures to stressors.5 Literature that focuses on mental health among health-care workers also
consistently reports being a woman as a risk factor for adverse mental health
consequences of the COVID-19 pandemic.
The earliest results came from China, where SARS-CoV-2 first spread to
humans. A cross-sectional, web-based study conducted in February 2020 showed
5 Findings were not reported by sex or gender nor type of employment, making it difficult to examine these data in relationship to the goal of understanding the effects of the COVID-19 pandemic
on women in STEMM.
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that overall psychological problems, including depression, anxiety, and insomnia,
were reported by a majority of physicians, medical residents, nurses, technicians,
and public health professionals. Being a frontline woman health-care worker was
associated with greatest risk for both anxiety and depression (Que et al., 2020).
These data have been borne out in a meta-analyses and scoping reviews of studies focusing on mental health during the COVID-19 pandemic (Krishnamoorthy
et al., 2020; Shaukat et al., 2020). One group (Linos et al., 2020) studied anxiety
among U.S. physician mothers using the GAD-7 survey and found that 41 percent
of 1,809 participants scored as having moderate or severe anxiety. Being a shift
worker, being a nurse, caring for infected patients, and being a woman are each
most consistently reported as risk factors for depression and anxiety. The finding
of vulnerability to depression and anxiety among women during the COVID-19
pandemic is similar to that reported for previous viral epidemics, including
MERS, Ebola, and SARS (Cabarkapa et al., 2020).
These findings in health-care workers extend to trainees. Trainees in health
care who are exposed to patients with COVID-19 report significantly higher stress
than trainees not caring for these patients (Kannampallil et al., 2020). This study
also found that women trainees were more likely to be stressed regardless of
patient exposure status, while unmarried trainees were significantly more likely
to be depressed and marginally more likely to have anxiety.
Prior to the pandemic, more than one-third of graduate students reported
seeking mental health care resulting from the stress of their studies and uncertainty about their career (Woolston, 2019). A survey of graduate students during
the COVID-19 pandemic indicates that depression is equally high for women and
men, but women are more likely to report symptoms of anxiety than are men.
Symptoms of psychological distress were even higher among Latinx students and
students who identify as lesbian, gay, or bisexual. Depression was most common
among students in the physical sciences, and anxiety was more common among
those in biomedical research. Of the 5 percent of students who reported not
adapting well to online learning, almost two-thirds reported high anxiety levels
(Woolston, 2020d). With the added stress of having to study virtually in many
cases, having reduced laboratory access, and growing concerns about federal
grant funding, particularly for topics that are not related to the COVID-19 pandemic, it follows that graduate students will likely require more mental health
care as a result of the COVID-19 pandemic (Woolston, 2020e).
Trauma Exposures and Posttraumatic Stress Symptoms
Within 1 month of the COVID-19 epidemic emerging in Wuhan province,
investigators in China examined posttraumatic stress syndrome (PTSS) symptoms
using the PTSD Checklist, specifically the PCL-5 (Bovin et al., 2016), and sleep
quality using the Pittsburgh Sleep Quality Index among current or recent residents
of Wuhan. Women reported more PTSS symptoms than did men. Women also
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experienced higher degrees of reexperiencing symptoms, negative alterations in
cognition or mood, and hyperarousal compared with men (N. Liu et al., 2020).
Better subjective sleep scores were associated with lower PCL-5 scores. Treating
both the PTSS symptoms as well as the sleep disturbance is critical to recovery,
as poor sleep quality has been linked to the onset and maintenance of PTSD
(Richards et al., 2013, 2020).
While evidence indicates that women in STEMM on the frontline of the
COVID-19 pandemic are at greater risk or poor mental health, a review of data
from previous pandemics and early studies of health-care workers from the
COVID-19 pandemic provides a glimpse into risk and resilience factors for
PTSD and PTSS (Carmassi et al., 2020) (see Table 7-2). One can also extrapolate from these data in health-care workers to consider women in other academic
STEMM fields. For example, unpredictability at work and having to learn new
strategies to accomplish one’s work are risk factors for PTSS in the context of
a pandemic. Cognitive overload is also a risk factor, particularly in the face of
stress and trauma. Providing clarity regarding safety measures and making sure
that individuals feel adequately trained to meet the needs of their job during the
pandemic are critical for mental health. Social supports and personal traits such as
TABLE 7-2 Risk and Resilience Factors: Documentation from Health-Care
Workers Extrapolated to Academic Women in STEMM
Health-Care Worker

Women in STEMM Fields

Daily caseload
Families and patients
Increase in critically ill
Increased executive load
More deaths per day
New treatments to learn

Access to laboratory and
equipment
Mentors, program officers
Meeting deadlines
Increased executive load
Threat of infection, loss of job
“COVID-izing” research

Supportive family and friends
Supervisor, colleagues
Trainings and supervision
Team approach
Clear safety instructions
Humor and planning
Open dialog about stress
Altruism and spirituality

Supportive family and friends
Mentor, collaborators, labmates
Support to “COVID-ized” work
Structured office and home
time
Clear safety instructions
Humor and planning
Open dialog about stress
Altruism and spirituality

Risk Factors
Unpredictability at work
Managing expectations
Increased acuity
Decision-making burden
Traumatic exposures
New procedures
Resilience Factors
Supportive family and friends
Support at work
Feeling adequately trained
Structure in the workplace
Safety in the workplace
Coping strategies
Confidants
Personal beliefs/meaning

NOTE: While the majority of research focusing on risk and resilience factors for posttraumatic stress
and other mental health concerns has focused on health-care workers, many of the principals can be
extrapolated to academic women in other STEMM fields.
SOURCE: Adapted from presentation by N. Epperson. The Impact of COVID-19 on Mental Health
and Wellbeing of Women in STEMM. November 6, 2020.
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altruism, ability to use humor, making plans, and being able to make meaning of
the current situation are protective factors in the face of tremendous work-related
stress (Carmassi et al., 2020).
CONCLUSION
The stress associated with the COVID-19 pandemic in 2020 accentuated the
gender gap in STEMM. Unlike community-based stressors that have occurred
in the United States since the last global pandemic in the early 20th century, the
nature of the stressors related to the COVID-19 pandemic affected all nations,
continued for months, and required social distancing to reduce viral spread. This
type of chronic and unpredictable stress, along with social isolation, is particularly aversive for women in STEMM, worsening mental health concerns during
the COVID-19 pandemic. Indeed, when it comes to women in health-care professions, particularly those providing care to SARS-CoV-2–infected patients, the
risk for increased depression, anxiety, and sleep disturbance was even greater in
2020 than that for men in health care as well as the general population, which
can likely be expanded to reflect conditions among women in academic STEMM.
The mental health disorders that arise de novo or are worsened during a
widespread crisis such as the COVID-19 pandemic are more common among
women and People of Color. COVID-19 pandemic-related factors conspire to
increase these problems for women in academic STEMM. Social isolation, lack
of or disconnection from women role models, previous and ongoing exposures to
discrimination and related stress, biological and hormonal factors, and economic
and family concerns are just a few of the larger social determinants of mental
health among women in STEMM. Individual risk factors in risk for burnout,
mental health concerns, and loss to the workforce are important to understand
and consider.
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8
Major Findings and
Research Questions

INTRODUCTION
The COVID-19 pandemic, which began in late 2019, created unprecedented
global disruption and infused a significant level of uncertainty into the lives of
individuals, both personally and professionally, around the world throughout
2020. The significant effect on vulnerable populations, such as essential workers
and the elderly, is well documented, as is the devastating effect the COVID-19
pandemic had on the economy, particularly brick-and-mortar retail and hospitality
and food services. Concurrently, the deaths of unarmed Black people at the hands
of law enforcement officers created a heightened awareness of the persistence of
structural injustices in U.S. society.
Against the backdrop of this public health crisis, economic upheaval, and
amplified social consciousness, an ad hoc committee was appointed to review
the potential effects of the COVID-19 pandemic on women in academic science,
technology, engineering, mathematics, and medicine (STEMM) during 2020. The
committee’s work built on the National Academies of Sciences, Engineering, and
Medicine report Promising Practices for Addressing the Underrepresentation of
Women in Science, Engineering, and Medicine: Opening Doors (the Promising
Practices report), which presents evidence-based recommendations to address
the well-established structural barriers that impede the advancement of women
in STEMM. However, the committee recognized that none of the actions identified in the Promising Practices report were conceived within the context of a
pandemic, an economic downturn, or the emergence of national protests against
structural racism. The representation and vitality of academic women in STEMM
had already warranted national attention prior to these events, and the COVID-19
109
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pandemic appeared to represent an additional risk to the fragile progress that
women had made in some STEMM disciplines. Furthermore, the future will
almost certainly hold additional, unforeseen disruptions, which underscores the
importance of the committee’s work.
In times of stress, there is a risk that the divide will deepen between those
who already have advantages and those who do not. In academia, senior and tenured academics are more likely to have an established reputation, a stable salary
commitment, and power within the academic system. They are more likely, before
the COVID-19 pandemic began, to have established professional networks, generated data that can be used to write papers, and achieved financial and job security. While those who have these advantages may benefit from a level of stability
relative to others during stressful times, those who were previously systemically
disadvantaged are more likely to experience additional strain and instability.
As this report has documented, during 2020 the COVID-19 pandemic had
overall negative effects on women in academic STEMM in areas such productivity, boundary setting and boundary control, networking and community building,
burnout rates, and mental well-being. The excessive expectations of caregiving
that often fall on the shoulders of women cut across career timeline and rank (e.g.,
graduate student, postdoctoral scholar, non-tenure-track and other contingent
faculty, tenure-track faculty), institution type, and scientific discipline. Although
there have been opportunities for innovation and some potential shifts in expectations, increased caregiving demands associated with the COVID-19 pandemic in
2020, such as remote working, school closures, and childcare and eldercare, had
disproportionately negative outcomes for women.
The effects of the COVID-19 pandemic on women in STEMM during 2020
are understood better through an intentionally intersectional lens. Productivity,
career, boundary setting, mental well-being, and health are all influenced by
the ways in which social identities are defined and cultivated within social and
power structures. Race and ethnicity, sexual orientation, gender identity, academic career stage, appointment type, institution type, age, and disability status,
among many other factors, can amplify or diminish the effects of the COVID-19
pandemic for a given person. For example, non-cisgender women may be forced
to return to home environments where their gender identity is not accepted,
increasing their stress and isolation, and decreasing their well-being. Women of
Color had a higher likelihood of facing a COVID-19–related death in their family
compared with their white, non-Hispanic colleagues. The full extent of the effects
of the COVID-19 pandemic for women of various social identities was not fully
understood at the end of 2020.
Considering the relative paucity of women in many STEMM fields prior
to the COVID-19 pandemic, women are more likely to experience academic
isolation, including limited access to mentors, sponsors, and role models that
share gender, racial, or ethnic identities. Combining this reality with the physical isolation stipulated by public health responses to the COVID-19 pandemic,
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women in STEMM were subject to increasing isolation within their fields, networks, and communities. Explicit attention to the early indicators of how the
COVID-19 pandemic affected women in academic STEMM careers during 2020,
as well as attention to crisis responses throughout history, may provide opportunities to mitigate some of the long-term effects and potentially develop a more
resilient and equitable academic STEMM system.
MAJOR FINDINGS
Given the ongoing nature of the COVID-19 pandemic, it was not possible
to fully understand the entirety of the short- or long-term implications of this
global disruption on the careers of women in academic STEMM. Having gathered
preliminary data and evidence available in 2020, the committee found that significant changes to women’s work-life boundaries and divisions of labor, careers,
productivity, advancement, mentoring and networking relationships, and mental
health and well-being have been observed. The following findings represent those
aspects that the committee agreed have been substantiated by the preliminary data,
evidence, and information gathered by the end of 2020. They are presented either
as Established Research and Experiences from Previous Events or Impacts of the
COVID-19 Pandemic during 2020 that parallel the topics as presented in the report.
Established Research and Experiences from Previous Events
Finding 1

Finding 2

1

Women’s Representation in STEMM: Leading up to the
COVID-19 pandemic, the representation of women has slowly
increased in STEMM fields, from acquiring Ph.D.s to holding
leadership positions, but with caveats to these limited steps of
progress; for example, women representation in leadership
positions tends to be at institutions with less prestige and fewer
resources. While promising and encouraging, such progress is
fragile and prone to setbacks especially in times of crisis (see
Chapter 6).
Confluence of Social Stressors: Social crises (e.g., terrorist attacks, natural disasters, racialized violence, and infectious diseases) and COVID-19 pandemic-related disruptions to workload
and schedules, added to formerly routine job functions and health
risks, have the potential to exacerbate mental health conditions
such as insomnia, depression, anxiety, and posttraumatic stress.
All of these conditions occur more frequently among women than
men.1 As multiple crises coincided during 2020, there is a greater
chance that women will be affected mentally and physically (see
Chapters 4 and 7).

This finding is primarily based on research on cisgender women and men.
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Finding 3

Intersectionality and Equity: Structural racism is an omnipresent
stressor for Women of Color, who already feel particularly isolated
in many fields and disciplines. Attempts to ensure equity for all
women may not necessarily create equity for women across various identities if targeted interventions designed to promote gender
equity do not account for the racial and ethnic heterogeneity of
women in STEMM (see Chapters 1, 3, and 4).
Impacts of the COVID-19 Pandemic during 2020

Finding 4

Finding 5

Finding 6

Finding 7

Academic Productivity: While some research indicates consistency in publications authored by women in specific STEMM disciplines, like Earth and space sciences, during 2020, several other
preliminary measures of productivity suggest that COVID-19 disruptions have disproportionately affected women compared with
men. Reduced productivity may be compounded by differences
in the ways research is conducted, such as whether field research
or face-to-face engagement with human subjects is required (see
Chapter 3).
Institutional Responses: Many administrative decisions regarding institutional supports made during 2020, such as work-fromhome provisions and extensions on evaluations or deliverables, are
likely to exacerbate underlying gender-based inequalities in academic advancement rather than being gender neutral as assumed.
For example, while colleges and universities have offered extensions for those on the tenure track and federal and private funders
have offered extensions on funding and grants, these changes do
not necessarily align with the needs expressed by women, such as
the need for flexibility to contend with limited availability of caregiving and requests for a reduced workload, nor do they generally
benefit women faculty who are not on the tenure track. Furthermore, provision of institutional support may be insufficient if it
does not account for the challenges faced by those with multiple
marginalized identities (see Chapters 3 and 4).
Institutional Responses: Organizational-level approaches may
be needed to address challenges that have emerged as a result of
the COVID-19 pandemic in 2020, as well as those challenges that
may have existed before the pandemic but are now more visible
and amplified. Reliance on individual coping strategies may be
insufficient (see Chapters 2 and 6).
Work-Life Boundaries and Gendered Divisions of Labor: The
COVID-19 pandemic has intensified complications related to worklife boundaries that largely affect women. Preliminary evidence
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from 2020 suggests women in academic STEMM are experiencing increased workload, decreased productivity, changes in interactions, and difficulties from remote work caused by the COVID-19
pandemic and associated disruptions. Combined with the gendered
division of nonemployment labor that affected women before the
pandemic, these challenges have been amplified, as demonstrated
by a lack of access to childcare, children’s heightened behavioral
and academic needs, increased eldercare demands, and personal
physical and mental health concerns. These are particularly salient
for women who are parents or caregivers (see Chapter 4).
Collaborations: During the COVID-19 pandemic, technology
has allowed for the continuation of information exchange and
many collaborations. In some cases technology has facilitated the
increased participation of women and underrepresented groups.
However, preliminary indicators also show gendered impacts on
science and scientific collaborations during 2020. These arise because some collaborations cannot be facilitated online and some
collaborations face challenges including finding time in the day to
engage synchronously, which presents a larger burden for women
who manage the larger share of caregiving and other household
duties, especially during the first several months of the COVID-19
pandemic (see Chapter 5).
Networking and Professional Societies: During the COVID-19
pandemic in 2020, some professional societies adapted to the
needs of members as well as to broader interests of individuals
engaged in the disciplines they serve. Transitioning conferences
to virtual platforms has produced both positive outcomes, such
as lower attendance costs and more open access to content, and
negative outcomes, including over-flexibility (e.g., scheduling
meetings at non-traditional work hours; last-minute changes) and
opportunities for bias in virtual environments (see Chapter 5).
Academic Leadership and Decision-Making: During the
COVID-19 pandemic in 2020, many of the decision-making
processes, including financial decisions like lay-offs and furloughs,
that were quickly implemented contributed to unilateral decisions that
frequently deviated from effective practices in academic governance,
such as those in crisis and equity-minded leadership. Fast decisions
greatly affected contingent and nontenured faculty members—
positions that are more often occupied by women and People of Color.
In 2020, these financial decisions already had negative, short-term
effects and may portend long-term consequences (see Chapter 6).
Mental Health and Well-being: Social support, which is particularly important during stressful situations, is jeopardized by
the physical isolation and restricted social interactions that have

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

114

IMPACT OF COVID-19 ON THE CAREERS OF WOMEN IN ACADEMIC STEMM

Finding 12

been imposed during the COVID-19 pandemic. For women who
are already isolated within their specific fields or disciplines, additional social isolation may be an important contributor to added
stress (see Chapter 7).
Mental Health and Well-being: For women in the health professions, major risk factors during the COVID-19 pandemic in 2020
included unpredictability in clinical work, evolving clinical and
leadership roles, the psychological demands of unremitting and
stressful work, and heightened health risks to family and self (see
Chapter 7).
RESEARCH QUESTIONS

While this report compiled much of the research, data, and evidence available in 2020 on the effects of the COVID-19 pandemic, future research is still
needed to understand all the potential effects, especially any long-term implications. The research questions represent areas the committee identified for future
research, rather than specific recommendations. They are presented in six categories that parallel the chapters of the report: Cross-Cutting Themes; Academic
Productivity and Institutional Responses; Work-Life Boundaries and Gendered
Divisions of Labor; Collaboration, Networking, and Professional Societies; Academic Leadership and Decision-Making; and Mental Health and Well-being. The
committee hopes the report will be used as a basis for continued understanding
of the impact of the COVID-19 pandemic in its entirety and as a reference for
mitigating impacts of future disruptions that affect women in academic STEMM.
The committee also hopes that these research questions may enable academic
STEMM to emerge from the pandemic era a stronger, more equitable place for
women. Therefore, the committee identifies two types of research questions in
each category; listed first are those questions aimed at understanding the impacts
of the disruptions from the COVID-19 pandemic, followed by those questions
exploring the opportunities to help support the full participation of women in
the future.
Cross-Cutting Themes
1.

What are the short- and long-term effects of the COVID-19 pandemic
on the career trajectories, job stability, and leadership roles of women,
particularly of Black women and other Women of Color? How do these effects vary across institutional characteristics,2 discipline, and career stage?

2 Institutional characteristics include different institutional types (e.g., research university, liberal
arts college, community college), locales (e.g., urban, rural), missions (e.g., Historically Black
Colleges and Universities, Hispanic-Serving Institutions, Asian American/Native American/Pacific
Islander-Serving Institutions, Tribal Colleges and Universities), and levels of resources.

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

MAJOR FINDINGS AND RESEARCH QUESTIONS

2.

3.
4.

5.

115

How did the confluence of structural racism, economic hardships,
and environmental disruptions affect Women of Color during the
COVID-19 pandemic? Specifically, how did the murder of George
Floyd, Breonna Taylor, and other Black citizens impact Black women
academics’ safety, ability to be productive, and mental health?
How has the inclusion of women in leadership and other roles in the
academy influenced the ability of institutions to respond to the confluence of major social crises during the COVID-19 pandemic?
How can institutions build on the involvement women had across
STEMM disciplines during the COVID-19 pandemic to increase the
participation of women in STEMM and/or elevate and support women
in their current STEMM-related positions?
How can institutions adapt, leverage, and learn from approaches developed during 2020 to attend to challenges experienced by Women of
Color in STEMM in the future?
Academic Productivity and Institutional Responses

6.
7.

8.
9.

10.

How did the institutional responses (e.g., policies, practices) that were
outlined in the Major Findings impact women faculty across institutional characteristics and disciplines?
What are the short- and long-term effects of faculty evaluation practices and extension policies implemented during the COVID-19 pandemic on the productivity and career trajectories of members of the
academic STEMM workforce by gender?
What adaptations did women use during the transition to online and
hybrid teaching modes? How did these techniques and adaptations vary
as a function of career stage and institutional characteristics?
What are examples of institutional changes implemented in response
to the COVID-19 pandemic that have the potential to reduce systemic
barriers to participation and advancement that have historically been
faced by academic women in STEMM, specifically Women of Color
and other marginalized women in STEMM? How might positive institutional responses be leveraged to create a more resilient and responsive higher education ecosystem?
How can or should funding arrangements be altered (e.g., changes in
funding for research and/or mentorship programs) to support new ways
of interaction for women in STEMM during times of disruption, such
as the COVID-19 pandemic?

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

116

IMPACT OF COVID-19 ON THE CAREERS OF WOMEN IN ACADEMIC STEMM

Work-Life Boundaries and Gendered Divisions of Labor
11.

12.

13.
14.

How do different social identities (e.g., racial; socioeconomic status;
culturally, ethnically, sexually, or gender diverse; immigration status;
parents of young children and other caregivers; women without partners) influence the management of work-nonwork boundaries? How
did this change during the COVID-19 pandemic?
How have COVID-19 pandemic-related disruptions affected progress
toward reducing the gender gap in academic STEMM labor-force participation? How does this differ for Women of Color or women with
caregiving responsibilities?
How can institutions account for the unique challenges of women faculty with parenthood and caregiving responsibilities when developing
effective and equitable policies, practices, or programs?
How might insights gained about work-life boundaries during the
COVID-19 pandemic inform how institutions develop and implement
supportive resources (e.g., reductions in workload, on-site childcare,
flexible working options)?
Collaboration, Networking, and Professional Societies

15.

16.
17.
18.

19.

20.

What were the short- and long-term effects of the COVID-19 pandemic-prompted switch from in-person conferences to virtual conferences on conference culture and climate, especially for women in
STEMM?
How will the increase in virtual conferences specifically affect women’s advancement and career trajectories? How will it affect women’s
collaborations?
How has the shift away from attending conferences and in-person networking changed longer-term mentoring and sponsoring relationships,
particularly in terms of gender dynamics?
How can institutions maximize the benefits of digitization and the
increased use of technology observed during the COVID-19 pandemic
to continue supporting women, especially marginalized women, by
increasing accessibility, collaborations, mentorship, and learning?
How can organizations that support, host, or facilitate online and virtual
conferences and networking events (1) ensure open and fair access to
participants who face different funding and time constraints; (2) foster
virtual connections among peers, mentors, and sponsors; and (3) maintain an inclusive environment to scientists of all backgrounds?
What policies, practices, or programs can be developed to help women
in STEMM maintain a sense of support, structure, and stability during
and after periods of disruption?
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Academic Leadership and Decision-Making
21.
22.

23.
24.

25.
26.

What specific interventions did colleges and universities initiate or
prioritize to ensure that women were included in decision-making
processes during responses to the COVID-19 pandemic?
How effective were colleges and universities that prioritized equityminded leadership, shared leadership, and crisis leadership styles at
mitigating emerging and potential negative effects of the COVID-19
pandemic on women in their communities?
What specific aspects of different leadership models translated to more
effective strategies to advance women in STEMM, particularly during
the COVID-19 pandemic?
How can examples of intentional inclusion of women in decisionmaking processes during the COVID-19 pandemic be leveraged to
develop the engagement of women as leaders at all levels of academic
institutions?
What are potential “top-down” structural changes in academia that
can be implemented to mitigate the adverse effects of the COVID-19
pandemic or other disruptions?
How can academic leadership, at all levels, more effectively support
the mental health needs of women in STEMM?
Mental Health and Well-being

27.

28.

29.
30.

31.

What is the impact of the COVID-19 pandemic and institutional
responses on the mental health and well-being of members of the
academic STEMM workforce as a function of gender, race, and
career stage?
How are tools and diagnostic tests to measure aspects of wellbeing, including burnout and insomnia, used in academic settings?
How does this change during times of increased stress, such as the
COVID-19 pandemic?
How might insights gained about mental health during the
COVID-19 pandemic be used to inform preparedness for future
disruptions?
How can programs that focus on changes in biomarkers of stress
and mood dysregulation, such as levels of sleep, activity, and texting
patterns, be developed and implemented to better engage women in
addressing their mental health?
What are effective interventions to address the health of women academics in STEMM that specifically account for the effects of stress
on women? What are effective interventions to mitigate the excessive
levels of stress for Women of Color?
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Glossary

Academic productivity

Contributions to higher education and scholarship,
typically organized into three categories:
Research, which includes scholarly productivity
such as the generation of scientific papers, citations,
grants, patents, and scholarly awards (Way et al., 2019).
Teaching, which includes creative activities associated with education and teaching; authoring textbooks; development of learning modules and tools;
scheduled teaching obligations and course load; and
informal tutoring, mentoring, and sponsorship of students and trainees.
Service, which includes internal service to one’s
department, school, or university in activities related
to faculty governance, recruitment, student admissions, and program development; and external service
to the profession and to local, state, national, or international communities, such as service on review committees, advisory boards, and editorial boards, as well
as review of publications (Guarino and Borden, 2017).

Academic STEMM
workforce

For purposes of this report, all individuals in a STEMM
field employed at a college or university in an academic position including tenure-track and non-tenuretrack faculty, among others, with teaching, research,
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clinical, outreach, extension, or other “engagement”
responsibilities. Where noted, this may also include
postdoctoral researchers and graduate students.
Boundary control

An employee’s ability to manage the distinctions between work and nonwork roles. Boundary control includes employees’ ability to maintain the boundary
according to their personal and professional preferences (Kossek et al., 2012; Wotschack et al., 2014).

Burnout

“A syndrome conceptualized as resulting from chronic
workplace stress that has not been successfully managed. It is characterized by three dimensions: (1) feelings of energy depletion or exhaustion; (2) increased
mental distance from one’s job, or feelings of negativism or cynicism related to one’s job; and (3) reduced
professional efficacy. Burnout refers specifically to
phenomena in the occupational context and should
not be applied to describe experiences in other areas
of life” (WHO, 2019).

Collaboration

An act of engagement with individuals from one’s
network toward the pursuit of a shared or common
research, teaching, or educational agenda, such as
when a group of at least two scholars author academic
papers together. Collaborators are a subset of one’s
professional network and, most often, are those with
the closest shared interest to the individual researcher
(Newman, 2000).

Contingent staff

Outsourced and nonpermanent workers who are hired
on a per-project basis. Salary may or may not be guaranteed depending on the state of the project.

Crisis leadership

The process by which an entity (individual, organization, etc.) responds to a major unpredictable event that
is threatening to cripple an organization, by employing practices that connect with people broadly as individuals and establishing mutual trust, distributing
leadership throughout the organization, and communicating clearly and often with all stakeholders
(Fernandez and Shaw, 2020).
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Employee well-being

A characterization of quality of life with respect to the
work-related environmental, organizational, and psychosocial factors that influence an individual’s health.
“Well-being is the experience of positive perceptions
and the presence of constructive conditions at work
and beyond that enables workers to thrive and achieve
their full potential” (Chari et al., 2018, p. 590).

Equity

A solution for addressing imbalanced social systems
that recognizes that each person has different circumstances and allocates the exact resources and opportunities needed to reach an equal outcome. The World
Health Organization defines equity as “the absence
of avoidable or remediable differences among groups
of people, whether those groups are defined socially,
economically, demographically or geographically”
(WHO, 2021).

Equity-minded
leadership

A leadership style characterized by being evidence
based (i.e., using data), race conscious, institutionally
focused, systemically aware, and equity advancing
(Dowd and Bensimon, 2014).

Extensions

Additional time granted to complete expected tasks.
For faculty, extensions might be provided during their
probationary period (pre-tenure) to meet the demands
of scholarship required by promotion and tenure policies or by a funding agency to meet the agreed-upon
terms of a grant. For graduate students, extensions
might be provided to allow for additional time to complete a milestone, such as degree completion. Finally,
extensions can be awarded to accommodate special
circumstances (e.g., childbirth or adoption).

Gender

A nonbinary social construct that refers to social and
cultural differences rather than biological differences.
Gender interacts with but is different from sex, which is
a biological trait (Butler, 2004; Laner, 2000; Pichevin
and Hurtig, 2007).

Gig Academy

A term to describe how corporate gig economy practices, such as hiring contingent labor or outsourcing,
have been adopted by colleges and universities across
the country (Kezar et al., 2019).
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Institution type

Refers to both Carnegie Classifications of Institutions
of Higher Education (e.g., doctoral universities, master’s colleges and universities) and categories of Minority-Serving Institutions such as Historically Black
Colleges and Universities, Hispanic-Serving Institutions, or Tribal Colleges and Universities.

Intersectionality

A field of study and an analytic lens that makes visible
the mutually constructive and reciprocal relationship
among race, ethnicity, sexuality, class, and other
social positions that influence one’s experiences
(Collins, 2015). In this report, it is used as a lens to
help understand how social identities, especially for
marginalized groups, relate to systems of authority and
power. Intersectionality is rooted in Black feminism
and Critical Race Theory: in reference to historic
exclusion of Black women, legal scholar Kimberlé
Williams Crenshaw used intersectionality to describe
the intersection of gender and race discrimination,
arguing that treating them as exclusive, and not
intertwined, renders the multiple marginalities faced
by Black women invisible to antidiscrimination law
(Carbado, 2013; Crenshaw, 1989, 1991, 2014).

Mentor

A person who provides both career and psychosocial support to help guide personal and professional
growth over time.

Mentorship

A professional, working alliance in which individuals
work together over time to support the personal and
professional growth, development, and success of the
relational partners through the provision of career and
psychosocial support (NASEM, 2019c).

Networking

The act of growing one’s connections and visibility
within a field through formal and informal interactions
with new colleagues who share similar research interests. Networking includes, but is not limited to, the
act of engaging in professional organization conferences, academic seminars, and other related activities
(Mickey, 2019).
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People of Color

An evolving term that emerged in the 1960s, which
now includes a broader group of individuals such as
Black, Latinx, Asian, Mexican, Japanese, Chinese,
and other groups that share a common societal place
of either feeling or actually being marginalized (Pérez,
2020). For purposes of this report, People of Color refers to all individuals specifically identifying as Black,
Latinx, and American Indians/Alaska Natives.

Professional societies

Organizations that facilitate networking and collaboration by providing a shared or common space for people
in similar disciplines to interact, share information, and
learn about each other’s research through conferences
and other society-sponsored activities. They may also
be organized around nondisciplinary interests or demographic affinity (NAE, 2017). As such, these bodies play
a pivotal role in facilitating mentorship and sponsorship
programs for individuals within the same professional
fields and serve as the primary source of postcollegiate
education and skills training for the workforce (ASAE,
2020; Cree-Green et al., 2020). STEMM-based societies and organizations are critical to maintaining strong
networks and systems of collaboration, as they provide
an opportunity for academics and scientists with shared
interests to interact, learn about each other’s research,
spark ideas for future collaborations, and lend assistance in moments of great need, such as after natural
disasters (Cree-Green et al., 2020).

Sex

Sex refers to the different biological and physiological
characteristics of males, females, and intersex persons (Butler, 2004; Laner, 2000; Pichevin and Hurtig,
2007).

Shared leadership

A leadership style characterized by four key elements
(Kezar and Holcombe, 2017):
• A greater number of individuals take on leadership roles than in traditional models.
• Leaders and followers are seen as interchangeable. In some cases this may mean that leadership
occurs on a flexible and emergent basis, while in
others it rotates more formally.
• Leadership is not based on position or authority.
Rather, individuals with the expertise and skills
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•

needed for solving the problem at hand are those
that lead. To that end, multiple perspectives and
expertise are capitalized on for problem-solving,
innovation, and change.
Collaboration and interactions across the organization are typically emphasized.

Sponsor

Someone with power or in a leadership position who
can use their resources (e.g., financial, professional),
power, influence, or stature to advocate for the advancement or visibility of an individual (Catalyst,
2020b; Rockquemore, 2015).

Sponsorship

An act involving a senior person publicly acknowledging the achievements of and advocating for a mentee
(Kram, 1985; Ragins and McFarlin, 1990).

Woman

Any person who identifies as a woman, including, but
not limited to, cisgender women, transgender women,
and nonbinary women. Woman refers to a person’s
gender, whereas female refers to a person’s sex. Although these terms are often used interchangeably and
can be related, they are discrete concepts.

Work-family
enrichment

The positive transfer of knowledge, skills, and emotions
from work experiences to family experiences or the
reverse (Greenhaus and Powell, 2006).

Work-life boundary
management

The control held between work and nonwork roles that
can be reinforced or weakened cognitively, physically,
and emotionally (Allen et al., 2014; Ashforth et al.,
2000; Kossek et al., 2012).

Work-life integration

Also referred to as “work-life balance,” the incorporation of work and nonwork demands. This involves
subjective assessments of balance and satisfaction in
both work and nonwork roles (e.g., Greenhaus and
Allen, 2011) and structural or organizational factors
that affect this integration or balance, such as flexibility in work schedules and tenure assessments (e.g.,
Kossek and Lambert, 2005; Moss et al., 2005).

Workplace diversity

The demographic variation within an organization’s
staff and leadership.
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Appendix A
Literature Review Terms and Survey
Methodology for “Boundaryless
Work: The Impact of COVID-19 on
Work-Life Boundary Management,
Integration, and Gendered Divisions
of Labor for Academic Women in
STEMM,” by Ellen Ernst Kossek,
Tammy D. Allen, and Tracy L. Dumas
SURVEY METHODOLOGY
We1

designed a survey to ask women faculty in science, technology, engineering, mathematics, and medicine (STEMM) to compare how the COVID-19
pandemic has affected them between March 2020 and October 2020. Using
a mixed-methods approach including qualitative and quantitative formats, the
survey asked respondents to indicate their work-location preferences and boundary control; changes in work-life coping strategies, childcare and eldercare, and
other domestic demands; and preferences for university support. The survey was
publicized on the ADVANCE grant listserv and listservs of academic women in
scientific specialties (see Table A-1).
We presented the results of 933 faculty who identified themselves as STEMM
faculty and provided usable data. The final sample included 763 respondents; other
respondents who were omitted were not women (25), not in STEMM (190), did not
indicate STEMM status (286), or had other incomplete data. We focused our report
on the results from 733 tenured or tenure-stream faculty, since these individuals,
in addition to teaching and service roles, were juggling research demands that may
have results in significant career setbacks that could harm tenure, research funding
and implementation, and promotion. We have also included some data from the 170
non-tenure-stream respondents. Many of their concerns mirrored those of tenurestream faculty. Table A-2 shows sample demographic breakouts.
1

In this appendix, Kossek, Allen, and Dumas use the first person plural.
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TABLE A-1 Listservs that Posted the Anonymous Survey Link for the WorkLife Boundaries Paper
American Society for Engineering Education (ASEE) list of Engineering Deans
Big Ten+ Associate Deans of Engineering for Academic Affairs
ASEE Women in Engineering Division
Women in Engineering Pro-Active Network
Computing Research Association Committee on Widening Participation
Association for Computing Machinery (ACM) website
ACM Council on Women in Computing
National Academy of Engineering list of women members
Purdue Women Faculty in Engineering (1) mailing list; (2) Dean of Engineering Thursday Memo;
and (3) Deans of the Colleges of (a) Agriculture, (b) Pharmacy, (c) Purdue Polytechnic Institute,
and (d) Veterinary Medicine & Purdue American Association of University Professor Twitter

Survey Sample Data and Analytical Approach
Nearly all (98 percent) of the 763 tenure-track or tenured women faculty
in STEMM fields were from 202 U.S. institutions, and a small number (a little
more than 2 percent or n = 20) of participants were from non-U.S. institutions.
The survey was distributed on U.S. listservs. About half the respondents, or
326 people, were from 77 R1 institutions. The sample had representation from
many disciplines as follows: industrial, material, and general engineering (n =
129, 16.9 percent); chemistry, chemical engineering, biology, and biochemistry
(n = 102, 13.9 percent); health sciences (n = 56, 7.3 percent); electrical and
mechanical engineering (n = 48, 6.3 percent); mathematics and statistics (n =
27, 3.5 percent); atmospheric, Earth, and ocean sciences (n = 25, 3.3 percent);
agriculture and natural resources (n = 17, 2.2 percent); physics (n = 9, 1.2 percent); and other disciplines. For rank, the sample was evenly distributed with
about one-third (34.1 percent) untenured assistant professors, one-third associate professors (31.2 percent), and one-third (34.7 percent) full professors. Approximately three-fourths of the sample was white (72.9 percent) and married
or living with a romantic partner (86.5 percent). A little less than one-tenth (7.3
percent) of married women faculty lived apart from their spouse or one of the
spouses lived far from work because of the other’s work. More than half (58.2
percent) provided care for children under the age of 18, 10.4 percent provided
eldercare, 3.9 percent provided sandwiched care (i.e., both child care and eldercare). Nearly one-fifth, or 17.8 percent, provided care for family members who
do not live with them.
The sample of women faculty in STEMM fields who are not on the tenure
track included 170 participants predominantly from 62 U.S. institutions. The survey population was composed of faculty (91.2 percent), researchers (5.9 percent),
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23 (9.7)

31 (12.0)

11 (4.3)

Asian/Pacific Is.

Multi-Racial/Other

Care

Relationship

4 (1.7)

20 (7.8)

6 (2.3)

Hispanic

Black

1 (0.4)

1 (0.4)

18 (7.0)

Widowed

Long-Distance
Married Relationship
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39 (15.1)

Long-Distance Care

36 (15.3)

12 (5.1)

24 (10.2)

23 (8.9)

10 (3.9)

Eldercare

168 (71.2)

1 (0.4)

14 (5.9)

148 (57.4)

Sandwiched Care

Childcare

Long-Distance
5 (1.9)
Romantic Relationship

34 (14.4)

28 (10.9)

Single

183 (77.5)
16 (6.8)

198 (76.7)

23 (8.9)

Married

Living with a
Romantic Partner

8 (3.4)

17 (7.2)

171 (72.5)

172 (66.7)

White

Ethnicity

Associate
(n = 236,
31.2)

Assistant
(n = 258,
34.1)

Characteristics

60 (22.8)

9 (3.4)

32 (12.2)

124 (47.1)

0

12 (4.6)

3 (1.1)

33 (12.5)

9 (3.4)

215 (81.7)

9 (3.4)

16 (6.1)

1 (0.4)

13 (4.9)

209 (88.9)

Full
(n = 263,
34.7)

136 (17.8)

31 (3.9)

79 (10.4)

444 (58.2)

6 (0.7)

44 (5.8)

5 (0.7)

95 (12.9)

49 (6.3)

601 (80.2)

28 (3.7)

70 (9.2)

11 (1.4)

50 (6.6)

556 (72.9)

Total
(n = 763)

Tenured or on the Tenure Track (n = 763)
N (%)
Researcher
(n = 10,
5.9)

0

0

0

0

28 (18.1)

5 (3.2)

14 (9.0)

89 (41.3)

1 (0.6)

8 (5.2)

1 (0.6)

24 (15.5)

9 (5.8)

3 (30.0)

2 (20.0)

3 (30.0)

5 (50.0)

0

2 (20.0)

0

3 (30.0)

0

120 (77.4) 7 (70.0)

7 (4.5)

7 (4.5)

7 (4.5)

12 (7.7)

116 (74.8) 10 (100)

Faculty
(n = 155,
91.2)

1 (20.0)

0

0

3 (60.0)

0

0

0

1 (20.0)

1 (20.0)

3 (60.0)

1 (20.0)

1 (20.0)

0

1 (20.0)

2 (40.0)

Postdocs
(n = 5,
2.9)

Non-Tenure-Track (n = 170)
N (%)

TABLE A-2 Sample Description for October 2020 Survey of Women in Academic STEMM Faculty

3 (18.8)

7 (4.1)

17 (10.0)

97 (57.1)

1 (0.6)

10 (5.9)

1 (0.6)

28 (16.5)

10 (5.9)

130 (76.5)

8 (4.7)

8 (4.7)

7 (4.1)

13 (7.6)

128 (75.3)

Total
(n = 170)

139 (14.9)

38 (4.1)

96 (10.3)

541 (58.0)

7 (0.8)

54 (5.8)

6 (0.6)

123 (13.2)

59 (6.3)

731 (78.3)

36 (3.9)

78 (8.4)

18 (109)

63 (6.8)

684 (73.3)

Total
(n = 933)

Study
Sample

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

157

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

158

APPENDIX A

and postdocs (2.9 percent). Three-fourths were white (76.3 percent), and most
(82.4 percent) were married or living with a romantic partner. A little less than
one-tenth (7.7 percent) of married women faculty lived apart from their spouse
or one of the spouses lived far from work because of the other’s work. More than
half (57.1 percent) provided care for children under the age of 18, 10 percent
provided eldercare, and 7 percent provided sandwiched care (i.e., both childcare
and eldercare). Nearly one-fifth, or 18.8 percent, provided care for family members who do not live with them. While most of the concerns of non-tenure-track
faculty mirrored those of tenured and tenure-track faculty, we did notice some
unique challenges, which we focus on here.
Most of the survey responses were qualitative and were analyzed using a
content analysis method developed by Schreier (2012). First, we created our main
coding frame, challenges and coping strategies, for each topic (e.g., childcare,
eldercare, boundary management, work and nonwork, and effects) based on the
literature review. Next, subcategories were created under each main category. They
were defined to make sure each category was mutually exclusive and were continuously reexamined through discussion. After the coding was completed, we obtained
final counts for each category. The full list of survey topics is provided in Table A-3.
The several quantitative items from the survey were analyzed using IBM SPSS
Statistics 26 (IBM Corp., 2019). Means and standard deviations were obtained for
the boundary-control measure to assess changes in boundary control. Using paired
t tests, we also compared changes in prepandemic and postpandemic location
preferences assessing the number of preferred and actual days working on and off
campus over a 5-day week. For example, paired t-tests results revealed that, across
the sample of women STEMM faculty, all reported significantly lower levels of
boundary control after the pandemic than before the pandemic (t = 33.42, p < .001;
3.98 and 2.33 respectively). In order to examine the impacts of care responsibilities
on the changes in the numbers of days working at home and boundary management,
we used a general linear mixed model (Cnaan, et al., 1997; Krueger and Tian, 2004)
approach. For example, a general linear mixed-model analysis was conducted to
examine whether the magnitude of the increase in the number of days working at
home post-COVID-19 was different between faculty with and without children.
The result revealed that the increase in the number of days working at home postCOVID-19 pandemic was significantly greater for faculty with children than faculty
without children (F (1, 753) = 11.58).
Literature Review Search Terms
To inform the literature review summarized in the commissioned paper,
“Boundaryless Work: The Impact of COVID-19 on Work-Life Boundary Management, Integration, and Gendered Divisions of Labor for Academic Women in
STEMM,” We used the search criteria and obtained the number of results presented in Table A-4. To note, we found that, at the time of writing, few empirical
papers focused specifically on COVID-19 and women in STEMM.
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TABLE A-3 Topics for the October 2020 Survey
Quantitative Questions
Work location
The number of days of working at home (out of 3 working days)
before and after the pandemic

The preferred number of days
of working at home

Boundary control
The actual and preferred levels of boundary control before and after the pandemic, using a
boundary control measure by Kossek et al. (2012)
Qualitative Questions
The positive and negative impact of COVID-19 on personal and career well-being
Boundary management
The challenges of boundary management Examples of boundary-setting
between work and family due to
practices (physical, temporal,
COVID-19
mental, and technological)

Differences
in boundary
management between
work and family after
the pandemic

Support from the university
Examples of university support for work-life integration

What needs to be improved

Housework demands
The positive and negative impact of COVID-19 on nonwork
responsibilities

The negotiation of nonwork
responsibilities during the
pandemic

Care Demands
The positive and negative impact of COVID-19 on the following:
Childcare

Eldercare

Sandwiched
care

Long-distance care

Longdistance
romantic
relationship

Background Information
Gender

Race/ ethnicity Academic affiliation (university Tenure status (tenured,
/ department)
tenure-track but not yet
tenured, non-tenure-track)

Rank
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TABLE A-4 Search Terms and Numbers of Results for the Literature Review
Conducted by Kossek, Dumas, and Allen
Kossek Search
1. COVID-19 and Leadership

Psychinfo

Academic Search
Complete

51

367

2. COVID-19 and HR

6

72

3. COVID-19 and organizational support

2

3

148

21

4. COVID-19 and faculty
5. COVID-19 and women faculty
6. COVID-19 and university
7. COVID-19 and higher education
8. COVID-19 and professors

2

4

1,175

108

22

24

11

0

108

1

10. COVID-19 and faculty stress

1

0

11. COVID-19 and faculty well-being

0

0

12. COVID-19 and faculty coping

0

0

13. COVID-19 and faculty eldercare

0

0

14. COVID-19 and faculty childcare

2

0

15. COVID-19 and faculty parenting

0

0

16. COVID-19 and faculty sandwiched
care

0

0

17. COVID-19 and eldercare

5

0

18. COVID-19 and childcare

20

21

19. COVID-19 and STEM

10

122

9. COVID-19 and coping

20. COVID-19 and STEMM
Subtotal
Chronicle of Higher Education COVID 19 used
as search term
Total (Kossek)

0

0

1,563

743

769
3,075

Dumas Search
1. “COVID-19” “women” “faculty’ “stem”

3,290

2. “COVID-19” “women” “faculty” “stem” “U.S.”

2,890

Allen Search
USF library
1. COVID-19 AND academic women
2. COVID-19 AND academic women AND
division of labor
3. COVID-19 AND STEM
4. COVID-19 AND STEMM

1,149
108
138,794
105

SocArXIC Papers website
1. COVID academic women

74
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Appendix B
Methodology and Data Sources for the
“Academic STEMM Labor Market,
Productivity, and Institutional Responses,”
by Felicia A. Jefferson, Matthew T. Hora,
Sabrina L. Pickens, and Hal Salzman

To understand the COVID-19 pandemic’s potential effects on women in science, technology, engineering, mathematics, and medicine (STEMM), the authors
of the paper “Academic STEMM Labor Market, Productivity, and Institutional Responses” that provided much of the information for Chapter 3, compiled two bodies of evidence. First, existing empirical literature concerning women in STEMM
informed the pre-COVID-19 pandemic background. This literature is situated in
many academic disciplines and addresses gendered and racialized barriers, among
others, that are unique to STEMM (e.g., field or laboratory-related work pressures)
and some that are relevant to the academic workforce as a whole (e.g., the utility
of tenure clock extensions). Second, recent stories and emerging studies provide
understanding of the COVID-19 pandemic’s emerging effects. This work was conducted in fall 2020, within the first 9 months of the COVID-19 pandemic, which
began in winter 2019. Given this timeline, much of the evidence used to assess how
women academics are experiencing the COVID-19 pandemic and how it is affecting their careers is emergent. Additionally, it is important to stress that evidence
of the impacts of the pandemic on some topics for particular groups (e.g., views
of academic productivity for Black, Indigenous, and other Scholars of Color) were
not yet available and thus are not included in Chapter 3 or throughout the report. In
other cases, such as for academic productivity for women, considerable evidence
exists but does not account for racial and ethnic diversity.
To identify the literature, the authors of this paper conducted a search of
Google Scholar and PubMed using combinations of the following search terms:
“STEMM,” “careers,” “pandemic,” “intersectionality,” and “women.” The authors
then reviewed the papers and conference presentations identified and further limited the search using the following criteria: the manuscripts had to be in English;
161
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the materials had to be peer reviewed; and the content of the materials had to
address the impacts of the COVID-19 pandemic on STEMM careers, the unique
or disproportionate impact of the pandemic on women and/or Black, Indigenous,
and People of Color researchers in the STEMM disciplines, and institutional
responses to the pandemic.
The authors then analyzed the materials using thematic analysis techniques,
which in this case included taking notes about recurring topics, data points, or
arguments in articles, papers, and reports. The topics, data points, and arguments that were most frequently noted and/or were considered salient to the
topic of this report were included in the submitted paper (Ryan and Bernard,
2003). These results served as the raw material for preparing this paper, which
is laid out in three parts related to the effects of the COVID-19 pandemic on (1)
the STEMM landscape (or STEMM educational attainment and STEMM occupations), (2) notions of academic productivity, and (3) institutional responses.
Each part provides information as available about researchers at different career
stages; Scholars of Color; effects by gender, specifically on women; and discipline and institution type.
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Appendix C
Material Selection Process for “The Impact
of COVID-19 on Collaboration, Mentorship
and Sponsorship, and Role of Networks
and Professional Organizations,” by Misty
Heggeness and Rochelle Williams

Misty Heggeness and Rochelle Williams, the commissioned authors for “The
Impact of COVID-19 on Collaboration, Mentorship and Sponsorship, and Role
of Networks and Professional Organizations,” conducted an extensive review
of recent articles on the academy; women; science, technology, engineering,
mathematics, and medicine (STEMM); the COVID-19 pandemic; collaborations; and networks both in scientific journals and in the broader public domain
of media, newspapers, and blogs. In addition, they conducted a literature review
for rigorous evaluations on the impact of mentoring, professional organizations,
and institutions in enhancing professional development and advancement. The
authors of this paper viewed webinars (live and recorded) by various societies
and networks, including the ADVANCE Resource and Coordination Network,
American Economics Association Committee on the Status of Women in the
Economics Profession, and others to cull resources.
They also reviewed the websites of professional scientific, engineering, and
medical organizations and networks, such as the American Geophysical Union,
Society of Women Engineers, and the Aspire Alliance, to determine how those
groups are responding to membership needs. The complete list is available in
Table C-1. To collate the list of professional STEMM organizations, they first
selected organizations represented by membership in the Council of Engineering and Scientific Society Executives. They also utilized the comprehensive list
of professional organizations and associations complied on https://jobstars.com/
science-professional-associations-organizations. They also did special searches
for computing, mathematical, and medical professional organizations to ensure
adequate representation.
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TABLE C-1 Professional Associations Reviewed by Misty Heggeness
and Rochelle Williams
AACE International
(Association for the
Advancement of Cost
Engineering)

American Statistical
Association

International Society for
Magnetic Resonance in
Medicine

ABET (Accreditation Board
for Engineering and
Technology), Inc.

American Vacuum Society

International Society for
Pharmaceutical Engineering,
Inc.

ABSA International

American Water Resources
Association

International Society for Stem
Cell Research

Academies Collaborative

American Water Works
Association

International Society of
Automation

Acoustical Society of America

American Welding Society

International Society of
Explosives Engineers

AIChE (American Institute of
Chemical Engineers)

AOAC International

International Solar Energy
Society

AIP (American Institute of
Physics)

ASHRAE (American Society of International Urogynecological
Heating, Refrigerating and Air- Association
Conditioning Engineers)

Alliance of Crops, Soils &
Environ. Scientific Societies

ASM International

Laser Institute of America

American Anthropological
Association

ASQExcellence

Linguistic Society of America

American Association for
Anatomy

Association for Behavioral
Analysis International

Materials Research Society

American Association for
Cancer Research, Inc.

Association for Computing
Machinery

Mathematical Association of
America

American Association for
Clinical Chemistry (AACC)

Association for Facilities
Engineering

Metal Powder Industries
Federation

American Association for
the Advancement of Science
(AAAS)

Association for Hospital
Medical Education

NACE International

American Association of
Bioanalysts

Association for Information
Science and Technology

National Academy of
Engineering

American Association of
Engineering Societies

Association for Iron and Steel
Technology

National Association of
Corrosion Engineers

American Association of
Petroleum Geologists

Association for Molecular
Pathology

National Association of
Multicultural Engineering
Program Advocates, Inc.

American Association of
Pharmaceutical Scientists

Association for Psychological
Science

National Council of Examiners
for Engineering and Surveying
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American Association of
Physicists in Medicine

Association for Public Policy
Analysis and Management
(APPAM)

National Council of Structural
Engineers Associations

American Association of
Physics Teachers

Association for Research in
Vision and Ophthalmology

National Council of Teachers of
Mathematics

American Association of
Textile Chemists and Colorists

Association for the
Advancement of Artificial
Intelligence

National Environmental Health
Association

American Astronomical Society Association for the
Advancement of Cost
Engineering

National Foundation for
Infectious Diseases

American Ceramic Society

Association for the
Advancement of Medical
Instrumentation

National Institute of Building
Sciences

American Chemical Society

Association for Women in
Computing

National Society of Black
Engineers

American College of Veterinary Association for Women in
Internal Medicine
Mathematics

National Society of
Professional Engineers

American Concrete Institute

Association for Women in
Science

North American Association for
Environmental Education

American Council of
Engineering Companies

Association of American
Medical Colleges

Oceanic Engineering Society

American Crystallographic
Association

Association of American
Veterinary Medicine Colleges
(AAVMC)

OSA - The Optical Society

American Dairy Science
Association

Association of Bimolecular
Resource Facilities

oSTEM Inc.

American Ecological
Engineering Society

Association of Clinical
Research Professionals

Population Association of
America

American Epilepsy Society

Association of Conservation
Engineers

Psychonomic Society

American Geophysical Union

Association of Energy
Engineers

SACNAS (Society for
Advancement of Chicanos/
Hispanics and Native
Americans in Science)

American Indian Science and
Engineering Society

Association of Environmental
& Engineering Geologists

SAE International

American Industrial Hygiene
Association

ASTM International

SAMPE (Society for the
Advancement of Material and
Process Engineering)

American Institute for Medical Audio Engineering Society
& Biological Engineering

Seismological Society of
America

American Institute of
Aeronautics & Astronautics

Sexual Medicine Society of
North America

BICSI
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American Institute of Architects Biomedical Engineering
Society

SHPE (Society of Hispanic
Professional Engineers)

American Institute of Chemists Biophysical Society

Society for Biological
Engineers

American Institute of Mining,
Metallurgical, and Petroleum
Engineers, Inc.

Board of Certified Safety
Professionals

Society for Conservation
Biology

American Institute of Physics

Botanical Society of America

Society for Imaging Science &
Technology

American Institute of
Professional Geologists

Casualty Actuarial Society

Society for Industrial &
Applied Mathematics

American Mathematical
Association of Two-Year
Colleges

Clinical Laboratory
Management Association

Society for Industrial and
Organizational Psychology

American Mathematical
Society

Coalition for Academic
Scientific Computation

Society for Industrial
Microbiology and
Biotechnology

American Medical Colleges

Coastal and Estuarine Research Society for Investigative
Federation
Dermatology

American Meteorological
Society

Computing Research
Association

Society for Mining, Metallurgy,
& Exploration, Inc

American National Standards
Institute

Computing Science
Accreditation Board (CSAB)

Society for Neuroscience

American Nuclear Society

Construction Management
Association of America

Society for Pediatric Research

American Oil Chemists’
Society

Construction Specifications
Institute (CSI)

Society for Sedimentary
Geology

American Ornithological
Society

Council for Agricultural
Science and Technology

Society for the Study of
Reproduction

American Pediatric Society

Council of Engineering and
Scientific Specialty Boards

Society of Actuaries

American Physical Society

Council of Landscape
Architectural Registration
Boards (CLARB)

Society of Allied Weight
Engineers

American Physiological Society Council of Scientific Society
Presidents

Society of American Military
Engineers

American Phytopathological
Society

Council on Undergraduate
Research

Society of Asian Scientists and
Engineers

American Psychological
Association

Directed Energy Professional
Society

Society of Cable
Telecommunication Engineers

American Public Works
Association

Ecological Society of America

Society of Economic
Geologists
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American Society for
Biochemistry and Molecular
Biology

Electrochemical Society

Society of Environmental
Toxicology & Chemistry

American Society for Cell
Biology

Entomological Society of
America

Society of Exploration
Geophysicists

American Society for Clinical
Pharmacology & Therapeutics

Environmental Engineering
Geophysical Society

Society of Fire Protection
Engineers

American Society for
Engineering Education

Fabricators and Manufacturers
Association, International

Society of Flight Test Engineers

American Society for
Engineering Management

Federation of American
Societies for Experimental
Biology

Society of Manufacturing
Engineers

American Society for
Healthcare Engineering

Federation of Associations in
Behavioral & Brain Sciences

Society of Mexican-American
Engineers and Scientists

American Society for
Microbiology

Federation of Materials
Societies

Society of Motion Picture and
Television Engineers

American Society for
Nondestructive Testing, Inc.

Fluid Power Society

Society of Naval Architects and
Marine Engineers

American Society for
Geochemical Society
Parenteral and Enteral Nutrition

Society of Petroleum
Engineers, Inc.

American Society for
Pharmacology and
Experimental Therapeutics

Geological Society of America, Society of Plastics Engineers
Inc.

American Society for Quality

GeoScienceWorld

American Society of
Agricultural and Biological
Engineers

Human Factors and Ergonomics Society of Toxicology
Society

American Society of Certified
Engineering Technicians

IFSCC (International
Federation of Societies of
Cosmetic Chemists)

Society of Wetland Scientists

American Society of Civil
Engineers

Illuminating Engineering
Society of North America

Society of Women Engineers

American Society of Gas
Engineers

IMAPS-International
Soil and Water Conservation
Microelectronics Assembly and Society
Packaging Society

American Society of Heating,
Refrigerating and Air
Conditioning Engineers

Industrial Research Institute

Southeastern Consortium for
Minorities in Engineering

American Society of Human
Genetics

Infectious Diseases Society of
America

SPE - Inspiring Plastics
Professionals

American Society of Landscape INFORMS (Institute for
Architects
Operations Research and the
Management Sciences)

Society of Reliability Engineers

SPIE (The International Society
for Optical Engineering)
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American Society of Materials, Institute of Biological
International
Engineering

Standards Engineering Society

American Society of
Mechanical Engineers

Institute of Electrical and
Electronics Engineers, Inc.

TAPPI (Technical Association
of the Pulp and Paper Industry)

American Society of Naval
Engineers

Institute of Environmental
Sciences and Technology

The American Ceramic Society,
Inc.

American Society of
Parasitologists

Institute of Food Technologists The American Medical
Women’s Association

American Society of Plant
Biologists

Institute of Industrial and
Systems Engineers

The Ecological Society of
America

American Society of Safety
Engineers

Institute of Mathematical
Statistics

The Electrochemical Society

American Society of Test
Engineers

Institute of Transportation
Engineers

The Endocrine Society

American Society of Tropical
Medicine and Hygiene

International Association of
Medical Science Educators
(IAMSE)

The Histochemical Society

American Sociological
Association

International Federation
for Medical and Biological
Engineering

The Minerals, Metals &
Materials Society

American Speech-LanguageHearing Association

International Society for
Computational Biology

Women in Engineering
Programs and Advocates
Network
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Committee Biographies

DR. EVE HIGGINBOTHAM (NAM) is the inaugural vice dean for inclusion
and diversity of the Perelman School of Medicine at the University of Pennsylvania, a position she assumed on August 1, 2013. She is also a senior fellow at
the Leonard Davis Institute for Health Economics and professor of ophthalmology at the University of Pennsylvania. She has been a member of the National
Academy of Medicine (NAM) since 2000 and is now an elected member of the
NAM Council, upon which she chairs the Finance Committee. Dr. Higginbotham
is also a member of the Governing Board of the National Research Council
and past president of the American Optometric Association (AOA) Medical
Honor Society. Notable prior leadership positions in academia include dean of
the Morehouse School of Medicine, senior vice president for health sciences at
Howard University, and professor and chair of the Department of Ophthalmology
and Visual Sciences at the University of Maryland in Baltimore, a position she
held for 12 years. She formerly chaired her section of the NAM and is a former
member of the NAM membership committee. Dr. Higginbotham also serves as
an associate editor on the Editorial Board of the American Journal of Ophthalmology. Dr. Higginbotham, a practicing glaucoma specialist at the University of
Pennsylvania, has either authored or coauthored more than 150 peer-reviewed articles and coedited four ophthalmology textbooks. She continues to remain active
in scholarship related to glaucoma, health policy, STEM, and patient care. She
holds undergraduate and graduate degrees in chemical engineering from MIT,
and a medical doctorate from Harvard Medical School, completed her residency
in ophthalmology at the Louisiana State University Eye Center, and completed a
master’s of law degree from the University of Pennsylvania Carey Law School.

169
Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

170

APPENDIX D

DR. ELENA FUENTES-AFFLICK (NAM) is a professor and vice chair of
pediatrics and chief of pediatrics at the Zuckerberg San Francisco General Hospital, and vice dean for academic affairs in the School of Medicine at University
of California, San Francisco (UCSF), a position she has held since 2012, She is
responsible for overseeing all academic affairs in the School of Medicine, including the recruitment, development, and advancement of a diversified academic
workforce of the highest caliber. She is also responsible for overseeing innovative
programs for faculty orientation, career development, and leadership training.
After completing her undergraduate and medical education at the University of
Michigan, Dr. Fuentes-Afflick came to UCSF for her residency training in pediatrics, followed by a fellowship in health policy at UCSF and M.P.H. in epidemiology from UC Berkeley. She has served in several important national leadership
roles, including president of the Society for Pediatric Research, president of the
American Pediatric Society, and service on the Council of the National Institute
for Child Health and Development. Dr. Fuentes-Afflick was chair of the UCSF
Academic Senate from 2009 to 2011. She was elected to the National Academy
of Medicine in 2010 and has served as a member of several consensus study
committees.
DR. LESLIE D. GONZALES is an associate professor in the Higher, Adult,
and Lifelong Learning unit at Michigan State University in the College of Education. She also serves as an affiliate faculty member in the Center for Gender
in a Global Context and Chicano/Latinx studies. As a Latina, first-generationcollege-student-turned-academic who earned all three of her academic degrees
from Hispanic-Serving Institutions, Dr. Gonzales now studies how relations of
power, privilege, and prestige operate in ways that can be detrimental to historically underrepresented scholars. In addition to her faculty role, Dr. Gonzales
serves as the faculty advocate for the College of Education at Michigan State
University—a role that allows her to apply her research to practice and advance
equity-oriented practices and systems change. Dr. Gonzales is currently the coprincipal investigator on Aspire, a multimillion dollar project sponsored by the
National Science Foundation.
DR. JENI HART is the dean of the Graduate School and vice provost for graduate studies at the University of Missouri. She is also professor of higher education
in the Department of Educational Leadership and Policy Analysis (ELPA). Dr.
Hart joined ELPA as an assistant professor in 2003. She completed her Ph.D. in
higher education administration at the University of Arizona. Prior to becoming a
faculty member, she worked for 9 years as a student affairs educator at a number
of colleges and universities, and 1 year as a faculty member at Southeast Missouri
State University. Dr. Hart’s scholarship centers on three mutually reinforcing
themes: faculty work, gender and feminisms, and campus climate. Specifically,
she is interested in how organizational structures in academe mutually shape the
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experiences of those in higher education, particularly women and feminist faculty. Dr. Hart serves on the editorial boards of the Journal of Diversity in Higher
Education and the NASPA Journal about Women in Higher Education.
DR. RESHMA JAGSI, M.D., D.Phil., is Newman Family Professor and deputy
chair in the Department of Radiation Oncology and director of the Center for Bioethics and Social Sciences in Medicine at the University of Michigan. She graduated first in her class from Harvard College and then pursued her medical training
at Harvard Medical School. She also served as a fellow in the Center for Ethics
at Harvard University and completed her doctorate in social policy at Oxford
University as a Marshall Scholar. A substantial focus of her research considers
issues of bioethics and gender equity in academic medicine. Her investigations
of women’s underrepresentation in senior positions in academic medicine and the
mechanisms that must be targeted to promote equity have been funded by two National Institutes of Health R01 grants and grants from the Robert Wood Johnson
Foundation, American Medical Association, and other philanthropic funders. She
leads the national program evaluation for the Doris Duke Charitable Foundation’s
Fund to Retain Clinician Scientists, a large national intervention that was inspired
in part by her own research. Active in organized medicine, she has served on the
Steering Committee of the American Association of Medical Colleges’ Group on
Women in Medicine in Science and now serves on the Board of Directors of the
American Society of Clinical Oncology. She was part of the Lancet’s advisory
committee for its theme issue on women in science, medicine, and global health.
DR. LEAH JAMIESON (NAE) is Ransburg Distinguished Professor of Electrical and Computer Engineering at Purdue University and John A. Edwardson
Dean Emerita of the College of Engineering, and holds a courtesy appointment
in Purdue’s School of Engineering Education. She is a member of the National
Academy of Engineering (NAE) and the American Academy of Arts and Sciences
and a fellow of the American Society for Engineering Education and the Institute
of Electrical and Electronics Engineers (IEEE). She is cofounder and past director
of the EPICS (Engineering Projects in Community Service) program. She was an
inaugural recipient of the National Science Foundation Director’s Award for Distinguished Teaching Scholars. Dr. Jamieson served on the steering committee for
the NAE report Changing the Conversation: Developing Effective Messages for
Improving Public Understanding of Engineering, the National Research Council
report Barriers and Opportunities for 2-Year and 4-Year STEM Degrees: Systemic
Change to Support Students’ Diverse Pathways, and the National Academies report Cultivating Interest and Competencies in Computing: Authentic Experiences
and Design Factors. She has served as president and chief executive officer of
the IEEE, board chair of the Anita Borg Institute, and cochair of the Computing Research Association’s Committee on the Status of Women in Computing
Research. She received an S.B. in mathematics from MIT and M.A., M.S.E, and
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Ph.D. degrees in electrical engineering and computer science, all from Princeton
University. She has been awarded honorary doctorates by Drexel University and
the New Jersey Institute of Technology.
DR. ERICK C. JONES is a professor and associate dean for graduate studies
in the College of Engineering at the University of Texas at Arlington (UTA). He
is currently the George and Elizabeth Pickett Endowed Professor in Industrial,
Manufacturing and Systems Engineering. Dr. Jones returned from his 3-year
rotating detail at the National Science Foundation (NSF), where he was a program director in the Engineering Directorate for Engineering Research Centers
Program. Earlier Dr. Jones worked at NSF in the Education Directorate, where
he worked in the Division of Graduate Education and led the INTERN and
Graduate Research Internship Programs. He was also a program director for the
prestigious Graduate Research Fellowship Program. Dr. Jones was one of the few
program officers who worked in two directorates as a rotating program director.
Prior to joining UTA, Dr. Jones worked at the University of Nebraska-Lincoln
for 8 years, where he initially received tenure. He served as deputy director of
UTA’s Security Advances via Nanotechnologies Center from 2013 to 2015. He
is an active member of American Association for the Advancement of Science,
Institute of Industrial and Systems Engineers (IISE), American Society for Engineering Education, and National Society of Black Engineers (NSBE). Dr. Jones
has served IISE, NSBE, and other organizations as faculty advisor for the past
decade; served as an Alfred Sloan Minority Ph.D. program director and now
on the Sloan Mentoring Network Board; has worked with the National Action
Council for Minorities in Engineering for more than a decade; and was one of
the initial founders and past chair of Texas A&M’s Black Former Students Network. Dr. Jones was recognized as an Alfred Sloan Underrepresented Minority
Ph.D. Program Fellow and has been honored by the National Action Council for
Minorities in Engineering three times. Dr. Jones earned his bachelor’s degree in
industrial engineering from Texas A&M University and his master’s and doctoral
degrees in industrial engineering from the University of Houston.
DR. BERONDA MONTGOMERY is professor of biochemistry and molecular
biology and microbiology and molecular genetics in the Department of Energy
Plant Research Laboratory at Michigan State University (MSU). She completed
doctoral studies in plant biology at the University of California, Davis, and was
a National Science Foundation (NSF)–funded postdoctoral fellow in microbial
biology at Indiana University. Since starting at MSU in 2004, Dr. Montgomery’s
laboratory investigates the mechanisms by which organisms such as plants and
cyanobacteria that have limited mobility are able to monitor and adjust to changes
in their external environment. The ability of these largely immobile organisms
to adapt their patterns of growth and development to fluctuations in external environmental parameters increases their survival and maximizes their growth and
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productivity. Dr. Montgomery’s scholarly efforts were recognized by her receipt
of an NSF CAREER Award in 2007, being selected as a finalist in the 2014 Howard Hughes Medical Institute Professors Competition, and a 2015 Michigan State
University Nominee for the Council for Advancement and Support of Education
U.S. Professor of the Year Award. In addition to her core research and teaching
efforts, Dr. Montgomery is also actively involved in scholarly efforts to promote
effective research mentoring and management and the inclusion and success of
individuals from groups underrepresented in the sciences. She has published
extensively on evidence-based strategies to nurture and retain talent in academia,
developing strategies for effective mentorship that center on the individual and
their specific needs and goals. As an expert in effective and evidence-based
mentorship, Dr. Montgomery serves on a number of leadership boards and as a
consultant to universities working toward greater diversity, equity, and inclusion
within their research and education programs.
DR. KYLE MYERS is an assistant professor of business administration in
the Technology and Operations Management unit of Harvard Business School
(HBS). Dr. Myers studies the economics of innovation. His research lies at the
intersections of science, health care, and the commercialization process. More
specifically, Professor Myers is interested in the strategic choices and performance of scientists, the supply and demand of innovation in high-tech sectors,
public versus private funding of research and development, and the management
of innovation in large organizations such as hospitals and pharmaceutical and
engineering firms. His work has received funding from the Kauffman Foundation
and was awarded the National Bureau of Economic Research - Institute of Fiscal Studies Predoctoral Scholarship in the Value of Medical Research. Professor
Myers holds a Ph.D. from the Wharton School’s Department of Health Care Management and Economics. He has an M.S. in health policy and management and
a B.S. in biology from Penn State University. Prior to joining HBS, he served as
a postdoctoral fellow at the National Bureau of Economic Research and worked
at the Centers for Disease Control and Prevention.
DR. RENETTA TULL is the vice chancellor of diversity, equity and inclusion
at the University of California, Davis. Before joining UC Davis in 2019, Dr. Tull
was associate vice provost for strategic initiatives at the University of Maryland,
Baltimore County (UMBC), and professor of the practice in UMBC’s College of
Engineering and Information Technology (COEIT). Within COEIT, she served as
part of the “Engagement” team and pursues research in humanitarian engineering.
Dr. Tull is founding director and co-principal investigator for the 12-institution
National Science Foundation (NSF) University System of Maryland’s (USM)
PROMISE Alliances for Graduate Education and the Professoriate, and codirector/co-principal investigator for the NSF USM’s Louis Stokes Alliance for
Minority Participation. In addition to roles at UMBC and roles with grants, she

Copyright National Academy of Sciences. All rights reserved.

The Impact of COVID-19 on the Careers of Women in Academic Sciences, Engineering, and Medicine

174

APPENDIX D

also served USM as special assistant to the senior vice chancellor for academic
affairs and student affairs, and was the system’s director of graduate and professional pipeline development. In 2017, Dr. Tull was appointed to serve as chair
for USM’s Health Care Workforce Diversity subgroup. Dr. Tull has engineering
and science degrees from Howard University and Northwestern University. Dr.
Tull served on the Science of Effective Mentorship in STEMM consensus study
committee.
MS. MARIA LUND DAHLBERG is a senior program officer and study director with the Board on Higher Education and Workforce and the Committee on
Women in Science, Engineering, and Medicine of the National Academies of
Sciences, Engineering, and Medicine. Her current work focuses on the Impact
of COVID-19 on the Research Careers of Women in Academic Science, Engineering, and Medicine; the Response and Adaptation of Higher Education to the
COVID-19 Pandemic; the Science on Effective Mentoring in STEMM (Science,
Technology, Engineering, Mathematics, and Medicine); and Equity, Diversity,
and Inclusion in Postsecondary Education. Her work with the National Academies spans topics ranging from equity and identity in science, through science
communications, to postdoctoral research experiences, health care, and innovation ecosystems. She came to the National Academies by way of a Christine
Mirzayan Science and Technology Policy Fellowship, which she received after
completing all requirements short of finalizing the dissertation for her doctorate
in physics at the Pennsylvania State University. Ms. Lund Dahlberg holds a B.A.
with high honors in physics from Vassar College and an M.S. in physics from
Pennsylvania State University.

Copyright National Academy of Sciences. All rights reserved.

