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Abstract

Early research on the impact of COVID-19 on academic scientists suggests that disruptions

to research, teaching, and daily work life are not experienced equally. However, this work

has overwhelmingly focused on experiences of women and parents, with limited attention to

the disproportionate impact on academic work by race, disability status, sexual identity, first-

generation status, and academic career stage. Using a stratified random survey sample of

early-career academics in four science disciplines (N = 3,277), we investigated socio-demo-

graphic and career stage differences in the effect of the COVID-19 pandemic along seven

work outcomes: changes in four work areas (research progress, workload, concern about

career advancement, support from mentors) and work disruptions due to three COVID-19

related life challenges (physical health, mental health, and caretaking). Our analyses exam-

ined patterns across career stages as well as separately for doctoral students and for post-

docs/assistant professors. Overall, our results indicate that scientists from marginalized

(i.e., devalued) and minoritized (i.e., underrepresented) groups across early career stages

reported more negative work outcomes as a result of COVID-19. However, there were nota-

ble patterns of differences depending on the socio-demographic identities examined. Those

with a physical or mental disability were negatively impacted on all seven work outcomes.

Women, primary caregivers, underrepresented racial minorities, sexual minorities, and first-

generation scholars reported more negative experiences across several outcomes such as

increased disruptions due to physical health symptoms and additional caretaking compared

to more privileged counterparts. Doctoral students reported more work disruptions from life

challenges than other early-career scholars, especially those related to health problems,
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while assistant professors reported more negative changes in areas such as decreased

research progress and increased workload. These findings suggest that the COVID-19 pan-

demic has disproportionately harmed work outcomes for minoritized and marginalized

early-career scholars. Institutional interventions are required to address these inequalities in

an effort to retain diverse cohorts in academic science.

Introduction

The COVID-19 pandemic has produced striking disruptions to the day-to-day work of aca-

demic scientists and has required many scientists to shift their time away from research and

toward increased teaching, mentoring, and service [1–3]. However, accumulating evidence

suggests that these negative pandemic-related outcomes are not shouldered equally. Early

research suggests that the COVID-19 pandemic has exacerbated existing socio-demographic

inequalities such as lower representation and lack of inclusion among faculty in academic sci-

ence [4]. As a result, scholars have expressed concerns that the work disruptions of the pan-

demic will result in even greater long-term underrepresentation of people from marginalized

groups in the academy [5–8].

Research to date on the inequitable impact of COVID-19 on scientists’ work has over-

whelmingly focused on women and parents in STEM, particularly in regard to research pro-

ductivity as measured by the number of submitted research articles. Studies have found that

compared to men, women faculty report increased workload from additional time spent

engaged in teaching, mentoring, and service [4] and have experienced greater declines in

research productivity (e.g., submitting fewer papers than men) [3, 4, 9–12], likely as a result of

the greater service and caregiving demands they face. Among parents, it has been academic

women, especially those with younger children, who have experienced the most significant

declines in overall work time and their research productivity during COVID-19 [4, 11].

Yet, beyond these initial insights from studies of gender differences, we have an incomplete

picture of the landscape of disadvantages caused by COVID-19. The potential disparate impact

on other groups that experience social minoritization (i.e., underrepresentation) and margin-

alization (i.e., devaluation)–particularly along race and ethnicity, sexual identity, and disability

status–have been largely overlooked. Given that faculty of color already have a greater work-

load from visible and invisible service demands [13], the combined toll of the COVID-19 pan-

demic and the social pandemic of racial injustice likely has exacerbated these inequities

through additional student support and service work [14, 15]. The pandemic may similarly

have disproportionately negative effects on scholars from other marginalized communities,

such as sexual minorities, first-generation scholars, and scholars with disabilities. Research

about work-related demands for people within multiple marginalized groups is critical because

greater demands may be linked to the higher levels of stress, exhaustion, and burnout reported

by women and faculty of color during the pandemic [3, 16–19].

Such divergent impacts are likely to be especially problematic for those early in their

careers. One study found that psychological distress has increased among graduate students

since the pandemic, with higher rates among students from marginalized groups [20]. Other

research has found differences in the impact of COVID-19 by faculty rank. For example, assis-

tant professors, who are more likely to have young children, have reported more substantial

declines in research progress than tenured faculty [21]. Assistant professors have reported feel-

ing insufficient support from their colleagues, a loss of networks and collaborations, and fears
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about their ability to gain tenure [3, 15]. Because research on the impact of the pandemic on

academic science has focused primarily on faculty ranks, we know little about the differential

impacts of COVID-19 on academic work among different groups of early-career scholars (e.g.,

graduate students, postdoctoral scholars, assistant professors). COVID-19 related impacts on

these early-career scholars are especially important for the academic pipeline, as experiences

during these formative years may affect scholars’ research trajectory and their interests in aca-

demic careers.

We addressed these knowledge gaps by examining differences in seven work outcomes due

to the COVID-19 pandemic along six axes of socio-demographic variation (gender, parental

caregiving, race, sexual identity, first-generation college student status, disability status) and

three career stages. We conducted a representative survey of doctoral students, postdoctoral

scholars, and assistant professors (N = 3,243) using a stratified random sample of 124 depart-

ments of biology, physics, economics, and psychology in US institutions. Specifically, in April-

May of 2021, we compared perceived changes over the past year in four work outcomes

(research progress, workload, concern about career advancement, and support from mentors),

as well as work disruptions due to three pandemic-related life challenges (physical health,

mental health, and caregiving responsibilities) by each aforementioned socio-demographic

status. Overall, we hypothesized that early-career scholars from marginalized groups would be

more likely to report negative COVID-19 related work outcomes.

Materials and method

Participants were doctoral students (n = 2,687), postdoctoral scholars (n = 335), and assistant

professors (n = 221) who completed an online survey administered in April and May 2021.

Participants were recruited from four STEM fields (biology, economics, physics, and psychol-

ogy) at 124 different departments that were randomly selected and stratified across 2011

National Research Council S-rankings of departments within each field (see Participant Data-
base and S1 Table in S1 File for more details). Participants provided informed consent online

by selecting ‘Agree’ on the informed consent page. If participants did not consent to the study

procedures, they were redirected out of the survey. All study materials were approved and

deemed exempt from full review by the institutional review boards at both the University of

Michigan (HUM00193386) and Michigan State University (STUDY00004853).

We asked participants how the COVID-19 pandemic impacted their work during the past

year across seven work outcomes. We asked about change in research progress, workload, con-

cern about career advancement, and support from mentors (1 =Greatly decreased to 5 = Greatly
increased). We also asked whether their work was disrupted in the past year by three COVID-

19 related life challenges: physical health problems (e.g., sleep problems, headaches), mental

health problems (e.g., mood problems, stress), and additional caretaking responsibilities at

home (1 = Did not disrupt my work at all to 5 = Disrupted my work a great deal).
Participants self-reported their membership in seven socio-demographic statuses: gender

(man, woman, or non-binary [including genderqueer or gender fluid]); race (underrepre-

sented minority [URM; Black or African American, Hispanic or Latina/o/x, Middle Eastern or

North African, Native American, American Indian, or other Indigenous group], Asian/Asian

American, or White); sexual identity (sexual minority [lesbian, gay, bisexual, pansexual, queer,

asexual, demisexual, or other] or heterosexual); being a first-generation college student; having

a mental, physical, or learning disability; and career stage (doctoral student, postdoc, or assis-

tant professor). For gender, because the number of individuals identifying as gender non-

binary, genderqueer, and/or gender fluid was small and their responses to work outcomes

tended to be in the same direction as women’s responses, they were combined with women.
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We also combined Black or African American, Hispanic or Latina/o/x, Middle Eastern or

North African, Native American, American Indian, or other Indigenous group into URM due

to their underrepresented status and stigmatization in the academy. See SI Socio-demographic
Variables for additional details and S2 Table in S1 File for sample size of socio-demographic

groups.

Analytic plan

To assess differences in each work outcome described above, we ran seven separate multiple

regressions on the full sample using the seven socio-demographic statuses as predictor vari-

ables: gender (women/non-binary or men), parental caregiving (primary caregiver, non-pri-

mary caregiver, or non-caregiver), race (URM, Asian, or White), disability status (at least one

physical or mental disability or no disability), sexual identity (sexual minority or heterosexual),

first-generation status (first-generation college student or not first-generation college student),

and career stage (doctoral student, postdoctoral scholar, or assistant professor) (S3-S9 Tables

in S1 File). Analyses controlled for academic field (biology, psychology, economics, or physics)

and departmental ranking (tier 1, tier 2, or tier 3) (see SI Participant Database for details on

covariates). All analyses were conducted using STATA 17 software.

Due to the larger size of the sample of doctoral students compared to postdoctoral scholars

and assistant professors, we also ran each of the seven multiple regressions separately for doc-

toral students and a combined group of postdoctoral scholars and assistant professors (hereaf-

ter referred to as “postdoc/asst prof”); we included these two groups in the same subgroup

analyses due to their smaller sample sizes and because participants in both groups are more

advanced among early-career scholars. The subsample analyses were identical to those for the

full sample except that for the doctoral student analyses, academic rank was not included and

for the postdoc/asst prof analyses, academic rank compared postdoctoral scholars and assistant

professors. The results of each set of regressions (full sample including all three career stages,

doctoral student subsample, and postdoc/asst prof subsample) are described below; we first

describe findings that are consistent across the full sample and both subsamples, and then

highlight when there were subsample differences in the patterns of relationships.

To confirm that the variability in COVID-19 outcomes were not driven by the distribution

of participants in departments, we ran seven additional multilevel mixed-effects regression

models with respondents nested in departments. Department-level variation did not signifi-

cantly account for the variability in any of the seven work outcomes; results for these models

are in the (S10 and S11 Tables in S1 File). Finally, we conducted supplemental multiple regres-

sions to capture the negative impact that COVID-19 disruptions had on job satisfaction, pro-

fessional role confidence, turnover intentions, burnout disengagement, and burnout

exhaustion; these are presented in the supplement for the overall sample as well as for the doc-

toral student and postdoc/asst prof subsamples (see S12—S16 Tables in S1 File for results).

Results

Means, standard deviations, and correlations among COVID-19 impact variables are pre-

sented in S17 Table in S1 File for the full sample and each subsample.

Work disruptions due to COVID-19

Change in research progress (Fig 1). Controlling for all other socio-demographic vari-

ables, we found that all participants, regardless of group membership, reported decreased

research progress. Across samples, individuals with a disability reported a greater decrease in

their research progress due to the pandemic compared to those without a disability. In the full
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sample, assistant professors reported a significant decrease in their research progress com-

pared to doctoral students. However, differences in the impact of COVID-19 on research

progress by gender, race, sexual identity, or first-generation status did not emerge across

samples.

When examining subsamples, we found differences in the effect of parental caregiving on

research progress. For all groups, parents who were primary caregivers reported a greater

decrease in research progress than both non-primary caregivers and non-parents. However,

for the full sample and the postdoc/asst prof subsample, non-primary caregivers also reported

a significant decrease in research progress compared to non-parents.

Change in workload (Fig 2). Overall, all groups indicated that their workload had

increased to some extent. We found that assistant professors reported a significantly greater

increase in their workload compared to doctoral students and postdoctoral scholars. However,

Fig 1. Estimated marginal means of reported change in research progress due to the COVID-19 pandemic for the full sample (1a) and the doctoral student

(1b) and postdoc/asst prof (1c) subsamples. Participants were asked to rate the degree to which research progress changed on a Likert scale from 1 = Greatly
decreased to 5 = Greatly increased. Error bars represent the 95% CI. Numeric values in each bar are the estimated marginal mean and standard error. � indicates

p < .05, �� indicates p < .01, and ��� indicates p < .001. See S3 Table in S1 File for results of each model.

https://doi.org/10.1371/journal.pone.0274278.g001

Fig 2. Estimated marginal means of reported change in workload due to the COVID-19 pandemic for the full sample (2a) and the doctoral student (2b) and

postdoc/asst prof (2c) subsamples. Participants were asked to rate the degree to which their workload changed on a Likert scale from 1 = Greatly decreased to 5

= Greatly increased. Error bars represent the 95% CI. Numeric values in each bar are the estimated marginal mean and standard error. � indicates p < .05, ��

indicates p < .01, and ��� indicates p < .001. See S4 Table in S1 File for results of each model.

https://doi.org/10.1371/journal.pone.0274278.g002
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across the three samples, there were no differences in workload by parental caregiving or sex-

ual identity.

When using the full sample or the doctoral subsample, we found that women and non-

binary individuals and those with a disability reported a significantly greater increase in work-

load compared to men and those without a disability, respectively, but these differences did

not emerge in the postdoc/asst prof subsample. When using the full sample, we found that

URM and White individuals reported a significantly greater increase in their workload com-

pared to Asian respondents. In the doctoral student subsample, URM individuals’ workloads

only differed from Asian individuals’ workloads. No differences by race emerged in the post-

doc/asst prof subsample. Finally, only in the postdoc/asst prof subsample, first-generation

scholars reported a significantly greater increase in workload compared to non-first-genera-

tion scholars.

Change in concern about career advancement (Fig 3). All groups reported increased

concern about their career advancement due to the COVID-19 pandemic. Across the three

samples, those with a disability reported a significantly greater increase in concern about

career advancement compared to those without a disability. Further, postdoctoral scholars

reported a greater increase in these concerns compared to assistant professors and doctoral

students. However, across samples, differences in COVID-19 related concerns about career

advancement did not emerge based on gender, parental caregiving, sexual identity, or first-

generation status.

We found subsample differences in concern about career advancement due to the pan-

demic by race. In the full sample, URM participants reported a greater increase in concern

about their career advancement than White participants; in the doctoral student subsample,

Asian participants reported greater increase in concern than White individuals; and for the

postdoc/asst prof subsample, URM participants were significantly more concerned about

career advancement than both White and Asian participants.

Change in support from mentors (Fig 4). Nearly all groups reported decreased mentor

support, although means remained close to the scale midpoint. Across the three samples, those

with a disability reported a significantly greater decrease in support from their mentors due to

the pandemic compared to those without a disability. Further, assistant professors reported a

significantly greater decrease in support from their mentors due to the pandemic compared to

Fig 3. Estimated marginal means of reported change in concern about career advancement due to the COVID-19 pandemic for the full sample (3a) and

doctoral student (3b) and postdoc/asst prof (3c) subsamples. Participants were asked to rate the degree to which their concern about career advancement

changed on a Likert scale from 1 = Greatly decreased to 5 = Greatly increased. Error bars represent the 95% CI. Numeric values in each bar are the estimated

marginal mean and standard error. � indicates p < .05, �� indicates p < .01, and ��� indicates p < .001. See S5 Table in S1 File for results of each model.

https://doi.org/10.1371/journal.pone.0274278.g003
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doctoral students and postdoctoral scholars. However, we did not find COVID-19 related dif-

ferences in support from mentors by gender, sexual identity, or first-generation status.

We found subsample differences in support from mentors by parental caregiving and race.

For the full sample and the postdoc/asst prof subsample, primary caregivers reported signifi-

cantly greater decrease in mentor support than non-primary caregivers and non-parents; no

differences were found among doctoral students. For the full sample and the doctoral subsam-

ple, we found that White participants reported a significantly greater decrease in support from

their mentors due to the pandemic compared to both URM and Asian participants; no differ-

ences in mentoring support by race were found among the postdoc/asst prof subsample.

Work disruptions due to COVID-19 life challenges

Work disruptions due to physical health problems (Fig 5). There were differences in

the extent to which work was disrupted because of COVID-19 related physical health problems

for many socio-demographic statuses. Across the three samples, women and non-binary indi-

viduals and those with a disability reported significantly greater work disruptions due to physi-

cal health problems compared to men and those without a disability, respectively. Further,

doctoral students reported greater work disruptions due to physical health problems compared

to postdoctoral scholars. Across samples, we did not observe differences in work disruptions

due to physical health problems by sexual identity.

When examining the subsamples, we found several differences in work disruptions due to

physical health problems. For the postdoc/asst prof subsample, we found that primary caregiv-

ers reported greater work disruptions due to physical health problems than non-primary care-

givers and non-parents. For the full sample and the doctoral student subsample, we observed

differences in physical health problems by race such that URM participants reported greater

work disruptions than both White and Asian participants. Finally, for the full sample and doc-

toral student subsample, there were greater work disruptions due to physical health problems

for first-generation scholars than non-first-generation scholars; these differences did not

emerge in the postdoc/asst prof subsample.

Work disruptions due to mental health problems (Fig 6). Across the three samples,

those with a disability and sexual minority participants reported a greater disruption to their

Fig 4. Estimated marginal means of reported change in mentor support due to the COVID-19 pandemic for the full sample (4a) and the doctoral student (4b)

and postdoc/asst prof (4c) subsamples. Participants were asked to rate the degree to which their support from mentor(s) changed on a Likert scale from 1 =

Greatly decreased to 5 = Greatly increased. Error bars represent the 95% CI. Numeric values in each bar are the estimated marginal mean and standard error. �

indicates p < .05, �� indicates p < .01, and ��� indicates p < .001. See S6 Table in S1 File for results of each model.

https://doi.org/10.1371/journal.pone.0274278.g004
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work due to mental health problems compared to those without a disability and heterosexual

individuals, respectively. Doctoral students reported a greater disruption to their work due to

mental health problems compared to both postdoctoral scholars and assistant professors.

Across samples, no differences in work disruptions due to mental health problems were found

by first-generation status.

We found differences in work disruptions caused by mental health problems by gender,

parental caregiving, and race. For the full sample and the postdoc/asst prof subsample, primary

caregivers reported greater disruption to their work due to mental health problems compared

to non-primary caregivers. In the full sample and doctoral student subsample, URM partici-

pants and women and non-binary participants reported more work disruptions due to mental

health problems than Asian participants and men, respectively; these differences did not

emerge in the postdoc/asst prof subsample.

Fig 6. Estimated marginal means of disruptions to work due to mental health symptoms during the COVID-19 pandemic for the full sample (6a) and the

doctoral student (6b) and postdoc/asst prof (6c) subsamples. Participants were asked to rate the degree to which mental health problems due to the COVID-19

pandemic disrupted their work with a Likert scale from 1 = Did not disrupt my work to 5 = Greatly disrupted my work. Error bars represent the 95% CI.

Numeric values in each bar are the estimated marginal mean and standard error. � indicates p < .05, �� indicates p < .01, and ��� indicates p < .001. See S8

Table in S1 File for results of each model.

https://doi.org/10.1371/journal.pone.0274278.g006

Fig 5. Estimated marginal means of disruptions to work due to physical health problems during the COVID-19 pandemic for the full sample (5a) and the

doctoral student (5b) and postdoc/asst prof (5c) subsamples. Participants were asked to rate the degree to which physical health problems due to the COVID-19

pandemic disrupted their work with a Likert scale from 1 = Did not disrupt my work to 5 = Greatly disrupted my work. Error bars represent the 95% CI.

Numeric values in each bar are the estimated marginal mean and standard error. � indicates p < .05, �� indicates p < .01, and ��� indicates p < .001. See S7

Table in S1 File for results of each model.

https://doi.org/10.1371/journal.pone.0274278.g005
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Work disruptions due to increased caregiving responsibilities (Fig 7). Across the three

samples, parents with primary caregiving responsibilities reported more work disruptions due

to increased caregiving responsibilities than non-primary caregivers and non-parents; non-

primary caregivers reported more work disruptions due to increased caregiving responsibili-

ties than non-parents. Participants with a disability reported greater work disruptions due to

additional caretaking responsibilities compared to those without a disability. Doctoral students

and assistant professors also reported more work disruptions due to additional caretaking

responsibilities than postdoctoral scholars. However, no differences in work disruptions due

to increased caregiving were found by gender or sexual identity.

We found subsample differences in work disruptions due to additional caretaking by race

and first-generation status. For both the full sample and the doctoral subsample, URM and

Asian participants reported greater work disruptions due to additional caretaking responsibili-

ties compared to White participants; however, for the postdoc/asst prof subsample, URM par-

ticipants reported greater work disruptions due to additional caretaking responsibilities

compared to White and Asian participants. When using the full sample and the doctoral stu-

dent subsample, we found that first-generation scholars reported more work disruptions due

to additional caretaking than non-first-generation participants.

Discussion

Our results (summarized in Tables 1 and 2) indicate a wide array of consequences of living

and working through the COVID-19 pandemic for early-career scientists. These consequences

are not evenly shouldered across academic scholars. Consistent with our hypothesis, individu-

als from marginalized groups reported more work disruptions due to COVID-19 than those

from more privileged groups. Further, important differences were observed among scholars

with different socio-demographic statuses. Changes in work outcomes (e.g., research progress)

most often differed by parental caregiving, race, disability status, and career stage, whereas

work disruptions due to COVID-19 related life challenges (e.g., physical health problems)

were seen across most socio-demographic groups. We describe these patterns below and offer

recommendations for support mechanisms for marginalized early-career scientists.

Fig 7. Estimated marginal means of disruptions to work due to additional caretaking responsibilities during the COVID-19 pandemic for the full sample (7a)

and doctoral student (7b) and postdoc/asst prof (7c) subsamples. Participants were asked to rate the degree to which additional caretaking responsibilities due

to the COVID-19 pandemic disrupted their work with a Likert scale from 1 = Did not disrupt my work to 5 = Greatly disrupted my work. Error bars represent

the 95% CI. Numeric values in each bar are the estimated marginal mean and standard error. � indicates p < .05, �� indicates p < .01, and ��� indicates p <

.001. See supplemental Table S9 for results of each model.

https://doi.org/10.1371/journal.pone.0274278.g007
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The pandemic’s impact was particularly notable for early-career scientists with disabilities.

Specifically, those who reported a physical or mental disability were significantly more likely

to experience all seven types of work disruptions examined in the study. There has been lim-

ited systematic research on the experiences of scientists with at least one disability [22]. How-

ever, our results highlight the importance of understanding their experiences. Many scholars

with disabilities were not provided with appropriate accommodations prior to the pandemic,

and have often been left out of the narrative about shifting to work-from-home and remote

teaching throughout the COVID-19 pandemic [22]. Our findings further support existing dis-

cussions of the need for mental health resources, mentorship, and material support to increase

the inclusion of academics with mental and physical disabilities [23].

Generally, URM participants reported more negative changes in work outcomes than other

racial groups, extending prior findings of increased COVID-related stress and burnout among

faculty of color [3, 16–19]. URM scholars in our sample, compared to other racial groups,

reported a greater increase in workload, growing concern about career advancement, and

more work disruptions from COVID-related physical health problems, mental health prob-

lems, and increased caretaking responsibilities. However, in the full sample White participants

reported the greatest decrease in mentor support and, similar to URM scholars, White

Table 1. Summary of results for all socio-demographic statuses and change in COVID-19 work impacts.

Change (greatly decreased to greatly increased) in:

Research progress Workload Concern about career1 Support from mentor(s)

Gender:

• Full Sample

Women/Non-bin.>Men

• Doc. Sample Women/Non-bin.>Men

• PD/AP Sample

Parental caregiving:

• Full Sample

Primary < Non-primary < Non-parent Primary < Non-primary & Non-parent

• Doc. Sample Primary < Non-prim. & Non-parent

• PD/AP Sample Primary < Non-primary < Non-parent Primary < Non-primary & Non-parent

Race:

• Full Sample

URM & White > Asian URM > White White < URM & Asian

• Doc. Sample URM > Asian Asian > White White < URM & Asian

• PD/AP Sample URM > White & Asian

Disability:

• Full Sample

Disability < No dis. Disability > No dis. Disability > No dis. Disability < No dis.

• Doc. Sample Disability < No dis. Disability > No dis. Disability > No dis. Disability < No dis.

• PD/AP Sample Disability < No dis. Disability > No dis. Disability < No dis.

Sexual identity2

First-gen.

• Full Sample

• Doc. Sample

• PD/AP Sample First-gen. > Not first-gen.

Career stage:

• Full Sample

Asst. prof. < Doc. Asst. prof. >

Doc. & Postdoc

Postdoc > Doc. & Asst. prof. Asst. prof. < Doc. & Postdoc

Note. Grey shaded squares indicate no differences by status. Abbreviations used in the table are defined as follows: ‘Full Sample’ is all participants in the sample; ‘Doc.

Sample’ is subsample of doctoral students; ‘PD/AP Sample’ is subsample of postdoctoral researchers and doctoral students; ‘Non-bin.’ is non-binary; ‘Primary’ is

primary parental caregiver; ‘Non-primary’ is non-primary parental caregiver; ‘URM’ is underrepresented minority; ‘Hetero’ is heterosexual; ‘First-gen.’ is first-

generation college student; ‘Doc. Student’ is doctoral student; ‘Postdoc’ is postdoctoral scholar; ‘Asst. prof.’ is assistant professor.
1 Concern about career advancement.
2 No differences in any sample for sexual identity status.

https://doi.org/10.1371/journal.pone.0274278.t001
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participants reported a greater increase in their workload compared to Asians. We postulate

that mentors with more limited capacity to provide support because of the pandemic may

have directed that support towards mentees of color (URM and Asian) rather than White

mentees.

Our findings about the effects of COVID-19 on Asian participants’ work outcomes were

sometimes more similar to URM participants and sometimes more similar to White partici-

pants. For example, similar to URM doctoral students, Asian doctoral students reported more

work disruptions due to additional caretaking responsibilities than White students, and less of

a decrease in support from mentors. However, similar to White doctoral students, Asian stu-

dents reported fewer work disruptions due to physical health problems than URM scholars.

The complexity of the findings for Asian scholars may reflect that in STEM, this group can

experience marginalization even when they are not underrepresented and suggests that more

research focused on their COVID-related experiences is warranted. More nuanced work on

Asian scholars’ COVID experiences in academia is particularly important given the increase in

Table 2. Summary of results for all socio-demographic statuses and COVID-19 work disruptions due to life challenges.

Work disrupted (not at all to greatly) due to:

Physical health symptoms Mental health symptoms Additional caretaking1

Gender:

• Full Sample

Women/Non-bin.>Men Women/Non-bin.>Men

• Doc. Sample Women/Non-bin.>Men Women/Non-bin.>Men

• PD/AP Sample Women/Non-bin.>Men

Parental caregiving:

• Full Sample

Primary > Non-primary Primary > Non-primary > Non-parent

• Doc. Sample Primary > Non-primary > Non-parent

• PD/AP Sample Primary > Non-primary & Non-parent Primary > Non-primary Primary > Non-primary > Non-parent

Race2:

• Full Sample

URM > White & Asian URM > Asian URM & Asian > White

• Doc. Sample URM > White & Asian URM > Asian URM & Asian > White

• PD/AP Sample URM > Asian & White

Disability:

• Full Sample

Disability > No disability Disability > No disability Disability > No disability

• Doc. Sample Disability > No disability Disability > No disability Disability > No disability

• PD/AP Sample Disability > No disability Disability > No disability Disability > No disability

Sexual identity:

• Full Sample

Sexual minority > Hetero.

• Doc. Sample Sexual minority > Hetero.

• PD/AP Sample Sexual minority > Hetero.

First-gen.:

• Full Sample

First-gen. > Not first-gen. First-gen. > Not first-gen.

• Doc. Sample First-gen. > Not first-gen. First-gen. > Not first-gen.

• PD/AP Sample

Career stage:

• Full Sample

Doc. student > Postdoc Doc. student > Postdoc & Asst. prof. Doc. student & Asst. prof. > Postdoc

Note. Grey shaded squares indicate no differences by status. Abbreviations used in the table are defined as follows: ‘Full Sample’ is all participants in the sample; ‘Doc.

Sample’ is subsample of doctoral students; ‘PD/AP Sample’ is subsample of postdoctoral researchers and doctoral students; ‘Non-bin.’ is non-binary; ‘Primary’ is

primary parental caregiver; ‘Non-primary’ is non-primary parental caregiver; ‘URM’ is underrepresented minority; ‘Hetero’ is heterosexual; ‘First-gen.’ is first-

generation college student; ‘Doc. Student’ is doctoral student; ‘Postdoc’ is postdoctoral scholar; ‘Asst. prof.’ is assistant professor.
1 Additional caretaking responsibilities at home.

https://doi.org/10.1371/journal.pone.0274278.t002
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anti-Asian racism and violence that grew in the United States in 2020 and 2021 in part due to

the COVID-19 pandemic [24, 25].

Furthermore, we found some subsample differences in COVID-19 outcomes related to

race. Most often, we observed similar findings in the overall sample and the doctoral student

subsample that did not emerge in the postdoc/asst prof subsample; this was the case for work-

load, mentor support, and work disruptions from both physical health and mental health

symptoms. These differences may be due to a lack of power to detect differences due to the

smaller numbers of Asian and URM participants. However, in some cases, the pattern of

means differed across subsamples, suggesting that the effect of racial marginalization may dif-

fer at the doctoral stage as compared to later career stages, perhaps due to career-stage changes

in demographic representation.

A few differences in work outcomes emerged by sexual identity and first-generation status.

In particular, first-generation college students who were postdocs or assistant professors

reported a greater increase in their workload compared to non-first-generation scholars at the

same career stage. Further, although no other differences emerged in work impacts by first-

generation status (e.g., research progress), first-generation doctoral students experienced more

work disruptions due to physical health problems and additional caregiving responsibilities.

These findings suggest that more research on first-generation scholars is warranted in order to

better understand the impact of COVID-19 on their careers over time. Sexual minority partici-

pants reported more disruptions due to mental health problems. This last result is consistent

with a recent study of LGBT+ college students that found nearly 60% of the students sampled

experienced increased anxiety and distress during the COVID-19 pandemic, notably associ-

ated with lower levels of family support [26].

Notably, our findings that women and gender non-binary participants reported greater

work disruptions due to physical and mental health problems than men are consistent with

prior research findings on the greater stress and burnout reported by women during the pan-

demic [27]. However, although early research found strong gender differences in productivity

and other COVID-19 work impacts [3, 9–12], our results showed less consistent patterns in

these areas. We found that compared to men, women and gender non-binary doctoral stu-

dents reported a greater increase in their workload due to COVID-19, but no differences

emerged in research progress, concern about career advancement, or support from mentors.

We may have found fewer gender differences in work disruptions than other studies in the lit-

erature because we examined differences in subjective perceptions of COVID-19 impacts (e.g.,

research progress) as opposed to objective measures (e.g., number of publications). In making

their subjective assessments of impacts like research progress, participants may have compared

themselves to others in their group (e.g., women compared themselves to other women and

men to other men) facing similar types of COVID-19-related challenges. This comparison

might have led women and gender non-binary individuals to minimize the effect of COVID-

19 on their work.

We found that participants with more parental caregiving demands reported significantly

greater decreases in research progress and greater work disruptions that they attributed to

additional caregiving responsibilities. For the postdoc/asst prof subsample, these greater care-

giving demands were also associated with less support from mentors, and greater work disrup-

tions due to physical and mental health problems. These results underscore findings from

other research indicating that it has been challenging for parents to navigate workplace

responsibilities during the pandemic [21]. Differences by parental caregiving were more likely

to emerge for the postdoc/asst prof subsample than the doctoral subsample, likely because our

sample contained a greater percentage of assistant professors who were parents (54%) than

postdocs (21%) or doctoral students (6%) who were parents.
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Our research extends previous work documenting the challenges faced by assistant profes-

sors during the pandemic by comparing this group to other early-career scholars (i.e., doctoral

students and postdoctoral scholars), finding differences across all seven work outcomes exam-

ined. Compared to doctoral students and/or postdocs, assistant professors reported the great-

est decrease in their research progress and support from mentors and the largest increases in

workload and work disruptions due to additional caretaking responsibilities. These results

extend previous research that demonstrated disproportionately high impacts of COVID-19 on

early-career faculty compared to mid- and later-career faculty members which were theorized

to reflect a “perfect storm” of demands on tenure-track assistant professors–pressure for pro-

ductivity to achieve tenure, the need for mentoring to support them in a new career stage, and

the likelihood of having young children [27].

Work disruptions due to physical and mental health problems during the pandemic were

particularly acute for doctoral students, likely aggravating the mental health crisis among grad-

uate students that existed before the pandemic [28]. Although postdoctoral scholars reported

lesser increases in workload and work disruptions due to caretaking responsibilities than other

groups, postdocs were the most concerned about their career advancement, perhaps due to

pandemic-related hiring freezes and postponements. Taken together, these results point to the

likely long-term negative effects of COVID-19 on academic science, particularly if these work

disruptions are related to career intentions.

Limitations

The data presented in this paper were part of a study about early career experiences in academia.

Although an important dataset, we recognize some specific limitations. First, given the time of

data collection (April-May of 2021), validated measures of COVID-19 impacts had not been devel-

oped. Therefore, we included only single-item measures of COVID-19 impacts on research and

academic work. Second, we measured respondents’ subjective experiences rather than objective

measures such as the number of manuscripts submitted to journals [1–3]. However, measures of

subjective experiences at work and school are critical, as prior literature indicates that they strongly

predict organizational satisfaction and intentions to remain on a science career path [29, 30].

Third, there are limitations related to the relatively small number of participants within par-

ticular career stages or socio-demographic groups. Although response rates were robust, our

small sample of postdoctoral scholars and assistant professors required us to pool these two

career stages in the subsample analyses rather than analyze them separately. Even combined,

we may not have had enough power to detect some small but important effects in this subsam-

ple. Further, although we capture differences by socio-demographic status such as race and

gender, our findings do not speak to the unique intersectional impacts of COVID-19 for those

occupying multiple marginalized and minoritized statuses, such as Black women or sexual

minority caregivers, for whom multiple systems of inequality may create additional and

unique demands and challenges [31].

Finally, our project examines scholars’ experiences in four fields that span the spectrum of

life, physical, and social sciences (biology, economics, physics, and psychology). Although our

data do not speak directly to the outcomes of the COVID-19 pandemic beyond these fields,

other research has identified that scholars in the arts and humanities have faced significant,

long-term barriers to their scholarly work due to the pandemic [3].

Implications and recommendations

An understanding of the breadth of COVID-19 impacts and their differential consequences

for scholars across socio-demographically marginalized communities is critical for university
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administrators and others to determine the best way to respond equitably to pandemic-related

disruptions. Our results improve understanding of how inequalities are reproduced in the

academy and point to career stages and socio-demographic groups that may require additional

support to recover from the pandemic professionally. Our findings suggest the need for longi-

tudinal studies that track the long-term impacts of COVID-19 on career outcomes of early-

career scholars, particularly for scholars from marginalized groups. Our supplemental analyses

(see S12-S16 Tables in S1 File) indicated that COVID-19 disruptions were associated with neg-

ative work outcomes; thus, the socio-demographic differences in COVID-19 disruptions that

we observed may result in reduced job satisfaction and professional role confidence while

increasing turnover intentions and burnout for minoritized and marginalized early-career aca-

demics. Without data-driven policies and structural supports, academic science risks a signifi-

cant and long-term loss of diversity.

To limit the loss of early-career scholars from marginalized and minoritized groups, it is

crucial that policies be adopted that provide institutional support to those affected most signifi-

cantly by the pandemic. Although the acute challenges of the pandemic will likely diminish

over the coming years, COVID-19 impacts may be a sort of “canary in the coal mine,”

highlighting areas where social crises (e.g., COVID-19 pandemic, racial injustice,

#MeTooPhD) amplify already existing inequalities for academics from marginalized groups.

For example, the greater work disruption due to physical health problems we found for

women and non-binary individuals, primary caregiver postdoctoral scholars and assistant pro-

fessors, URM individuals, and those with disabilities, may indicate that the academic workload

was already disproportionally distributed, with more of the burden–likely including invisible

service and other unrecognized labor–being carried by individuals in these groups [32]. Thus,

the following recommendations are both specific to addressing the negative impact of

COVID-19 and broadly aimed at creating a more inclusive academic science context.

The pandemic has illustrated that certain practices, such as remote options for meetings,

conferences, and professional development opportunities, increase accessibility for individuals

with disabilities and/or caregiving responsibilities. Similarly, recording talks or webinars cre-

ates flexibility for those balancing many competing responsibilities. A study of disabled work-

ers prior to the pandemic found that only 5% of respondents were able to work from home,

despite remote work often being preferable for individuals with disabilities [33]. The positive

impact of certain remote working practices challenges academia to reconsider a “return-to-

normal,” and instead create a more inclusive working environment by maintaining multi-

modal forms of participation in conferences, talks, and networking events for early-career

researchers, as well as opportunities for remote and hybrid work.

Some of the findings of our research pointed to the perceived loss of mentoring support

concurrent with an increase in mental and physical health problems for early-career scientists.

Therefore, providing additional mentor support during the next few years, especially for assis-

tant professors who have lost much of this support during the pandemic, could be an impor-

tant step for ensuring their success in academia. At the same time, it is also important to

recognize the range of other service commitments placed on mentors, especially those from

underrepresented groups, and provide them with the time and resources needed to support

early-career scholars. Additionally, institutions need to dramatically increase their investment

in mental and physical health resources, particularly for the support of doctoral students, gen-

der and sexual minority scholars, primary caregivers, and persons with disabilities.

Our findings of reduced research progress and accompanying career-related concerns sug-

gest the need for institutions to account for pandemic-related work challenges in institutional

rewards systems. Universities can provide resources, including research funds, along with

opportunities for faculty, postdoctoral scholars, and doctoral students to document the
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impacts of the pandemic on their work so that steps can be taken to alleviate those impacts

[34]. Moreover, institutions will need to thoughtfully consider how to adjust their evaluations

(e.g., annual reviews, promotion and tenure, and hiring processes) to account for differences

in academic records due to COVID-19’s disparate impact on marginalized communities [6, 8,

35]. These include holistic review practices that weigh quality over quantity and review criteria

that account for the visible and invisible service and emotional labor that is often performed

by scholars from marginalized groups. These steps are urgently needed to maintain the future

strength and diversity of the STEM workforce.
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