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There is emerging literature on the disruptive effects of the COVID-19 pandemic on college students, but little is
known about the impacts on undergraduate researchers (UGRs). On the basis of survey data collected in Summer
2020, this paper examines how less competentmentorship andCOVID-19–related difficulties shapedUGRs’ gradu-
ate school intentions. Results suggest that the pandemic strengthenedUGRs’ graduate school intentionswhenUGRs
experienced fewer COVID-19–related difficulties. The pandemic weakenedURG’s graduate school intentions when
they had a less competent faculty mentor. Having a more competent postgraduate mentor had a positive effect on
UGRs’ graduate school intentions in response to the pandemic. Those findings indicate that higher quality post-
graduate mentorshipmay serve as an effective surrogate for lower quality faculty mentorship. Findings suggest that
immediate strategies are needed to bolster graduate school aspirations among specific groups of UGRs in response
to the pandemic. UGRs of particular concern include those who were highly impacted by COVID-19 with less com-
petent mentors, were first-generation college students, had less prior research experience, had their Summer 2020
research experiences canceled, and were social/behavioral sciences majors.
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Introduction

Owing to the widespread implementation of under-
graduate research programs (URPs) over the past 25
years, increasing numbers of American college stu-
dents have had the opportunity to be undergradu-
ate researchers (UGRs). In 2019, 22% of U.S. col-
lege seniors had conducted research by graduation.1
When participating in research, students have
opportunities to receive professional training and
financial support, engage with the scientific com-
munity through research dissemination, and, most
importantly, be guided bymentors.2 Owing to those
opportunities, UGRs, as compared with undergrad-
uates who are not involved in research, have better
academic performance, a greater likelihood of com-
pleting their undergraduate degrees, and improved
preparedness and enhanced motivation to pursue

graduate education.3,4 However, UGRs might have
negative experiences, which are detrimental to their
psychosocial and career development, which are
often related to challenges with mentorship.5–9

UGRs faced unprecedented challenges in 2020.
With the spread of the COVID-19 pandemic in the
United States, most colleges and universities transi-
tioned from in-person engagement to online deliv-
ery modes.10 This transition was particularly diffi-
cult for URPs, as there was no preexisting remote
framework in place to support the online manage-
ment of undergraduate research experiences. As a
result, in Spring 2020, many institutions required
UGRs to either postpone their projects or con-
duct research remotely. About half of Summer
2020 research programs in the United States were
also canceled (unpublished data). Many UGRs, like
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other college students, had to navigate their under-
graduate lives while facing financial and health
shocks caused by COVID-19.11 But unlike other
students, UGRs experienced added research-related
challenges. That is, when conducting research
remotely, they often struggled with time manage-
ment, felt uncertain about their research tasks, and
lacked access to the research tools needed for their
projects (unpublished data). The vulnerable situa-
tion of UGRs during COVID-19 might have placed
their development at heightened risk to low-quality
mentorship.
Onemight assume that UGRs became less enthu-

siastic about their intellectual journeys and less
motivated to pursue graduate education in science
because of the obstacles they encountered in 2020.
If a large proportion decides to leave the science
training pathway during or after the pandemic, the
U.S. scientific workforce will face a critical talent
supply problem later. According to the Association
of American Medical Colleges, however, the num-
ber of medical school applicants increased 18% in
2020.14 Medical school admission officials believe
this was driven by the positive example that med-
ical workers and public health figures, such as Dr.
Anthony Fauci, set during the pandemic; thus, they
referred to this as the “Fauci effect.”12 There are dis-
tinctions between the pursuit of medical school ver-
sus graduate school, yet it is plausible that the ongo-
ing pandemic also raised college students’, especially
UGRs’, intentions to further their research training
in graduate school. In this study, we ask two fun-
damental questions: did the pandemic alter current
UGRs’ intentions to pursue graduate school? Did
mentor competency play a role?

Review of literature

Faculty mentorship and undergraduate
researchers
Faculty mentorship is a central element of under-
graduate research. Studies have documented the
advantageous effects of faculty–undergraduate
mentoring relationships on various student out-
comes, such as improved research skills, accelerated
professional and career development, and increased
persistence in science-related disciplines.13–15 The
mentee-perceived quality of faculty mentorship is
both an outcome of actual mentor competency and
a predictor of mentee career outcomes.16

Not all mentors are equally effective. A hand-
ful of studies have acknowledged some problem-
atic elements of negative mentoring experiences
for undergraduate students, such as mentors being
absent, setting unrealistic expectations, and fail-
ing to provide adequate career or psychosocial
support.5–9 Low-quality mentorship can limit the
mentee’s socialization into a profession.16 In the
context of undergraduate research, faculty mentors
often act as socializing agents, drawing the mentee
into the science profession by providing research
support and encouraging the mentee to internalize
the norms, behaviors, and values of the scientific
community.17 Those with less competent faculty
mentors may lose out on these important socializa-
tion opportunities.18
Given that interactional dynamics between fac-

ulty mentors and UGRs were interrupted by the
pandemic and that many faculty mentors were new
to the virtual environment and faced pandemic
burnout,19 UGRs might very likely have experi-
enced less favorable mentoring in 2020. Research
shows that students who have negative mentoring
experiences are less likely to continue with scien-
tific research.20 Therefore, it is important to investi-
gate whether having a less competent faculty men-
tor during the pandemic weakened UGRs’ graduate
school intentions.

Postgraduate mentorship and undergraduate
researchers
Graduate students and postdoctoral fellows (post-
graduates) may serve as mentors for UGRs, in
addition to faculty. In many research laboratories
and teams, faculty delegate postgraduates the task of
mentoring undergraduates.6,21 These relationships
are often referred to as mentoring triads (i.e., fac-
ulty, postgraduate, and undergraduate), as opposed
to dyads (i.e., faculty and undergraduate). Besides
managing the day-to-day operations of research
projects, postgraduate mentors also provide tech-
nical, psychosocial, and informational support to
UGRs.6,9 Compared with faculty, postgraduates
often have more opportunities to interact individu-
ally with UGRs and may develop stronger relation-
ships with them due to age similarities and more
recent experiences as undergraduates themselves.6
UGRs benefit from observing postgraduates as they
navigate the research team and conduct research.22
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However, not all postgraduates have the nec-
essary mentoring knowledge and skills, and an
incompetent postgraduate mentor can affect UGRs
negatively. Dolan and Johnson6 found that some
postgraduates pressured UGRs to work long hours,
and having postgraduate mentors also reinforced
a sense of hierarchy in the research team. Morales
et al.23 observed a “penalty” among UGRs for hav-
ing a postgraduate mentor, specifically in terms of
suppressed gains from their research experiences.
Those studies support the position that mentorship
research should not overlook the impact of post-
graduate mentors on students.24 Unfortunately, few
studies have focused on postgraduate mentors, and
no studies have investigated the effects of postgrad-
uate mentor competency on URGs in the context of
COVID-19.

Assessing mentor competency
In the literature on mentoring, scholars have devel-
opedmultidimensional scales tomeasure themulti-
ple dimensions ofmentor competency. Cohen25 was
the first to create a mentor competency scale, which
includes six interrelated behavioral functions. Simi-
larly, Zachary26 identified a series of skills to mea-
sure mentor competency, such as building and
maintaining relationships, coaching, communicat-
ing, goal setting, listening, and managing conflict.
More recently, the Mentoring Competency Assess-
ment (MCA) was designed specifically for under-
graduatementees to evaluate their researchmentors
through a national trial of an educational interven-
tion involving more than 200 pairs of faculty men-
tors and undergraduatementees at 16 universities.27
TheMCA is a validatedmentoring skills inventory27
and has been used by recent studies on undergrad-
uate research.28–30

The MCA asks the mentee to assess six specific
competencies, that is, maintaining effective com-
munication, aligning expectations, assessing under-
standing, addressing diversity, promoting profes-
sional development, and fostering independence.27
Maintaining effective communication refers to
mentors’ skills regarding productively giving,
receiving, and exchanging ideas with mentees,
such as engaging in active listening and providing
constructive feedback. Aligning expectations refers
to mentors’ abilities to establish shared expectations
for the mentoring relationship. Assessing under-
standing refers to mentors’ skills for evaluating

mentees’ knowledge of core research concepts and
processes and using multiple strategies to enhance
understanding. Addressing diversity relates to
mentors’ abilities to recognize the potential impact
of conscious and unconscious biases on mentoring
relationships and identify concrete strategies to
address issues of equity and inclusion. Promot-
ing professional development refers to mentors’
capacities to guide mentees along their professional
paths, such as helping mentees set professional and
career development goals and engaging in open
dialogue with mentees on balancing competing
demands (e.g., work–family balance). Fostering
independence refers to mentors’ skills in helping
their mentees become independent researchers.
A list of the items under each competency can
be found in Appendix A (online only). The six
competencies are integrated into a composite MCA
score.

Graduate school intentions
The global competitiveness of the United States
depends on enrolling more students, especially
those from underrepresented backgrounds, in sci-
ence graduate school programs.31 The transition
from undergraduate to graduate education is a
critical stage for the students’ pursuit of scien-
tific careers. Many decide to leave science at this
junction.32 Undergraduate research experiences
have long been shown to correlate with graduate
school matriculation and success.4,33–35 In addition,
student background characteristics, such as gender,
race/ethnicity, socioeconomic status, and academic
performance, influence students’ motivations and
decisions to pursue graduate science degrees.36,37
It may be that the pandemic has affected students’

interest in graduate education. Research suggests
that staying motivated during COVID-19 has been
particularly challenging for college students. Their
decreased motivation is related to online learn-
ing, the lack of regular class routines, the chaos
of the pandemic, and the lack of interaction with
their professors.38–40 Since college students, includ-
ing UGRs, have struggled with motivation in online
courses, they may also be struggling with motiva-
tion to pursue graduate school, but this has not yet
been empirically examined.

Contribution and research questions
The literature has clearly documented the effects
of low-quality mentorship on undergraduate
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Figure 1. The input-environment-output (I-E-O) model.

students; however, attention has centered on faculty
mentors, and those effects have not been tested
in a context of a major crisis like the COVID-19
pandemic. There is also emerging literature on
the disruptive effects of the pandemic on college
students, which has documented impacts on stu-
dent mental health,41–44 learning experiences,38,39
and academic outcomes.11 This nascent literature,
however, has not focused on the experiences of
UGRs, leaving questions regarding impacts on
their graduate school intentions unexplored. In this
paper, we address those gaps by answering three
research questions using survey data collected in
Summer 2020: (research question (RQ)-1) How
has the COVID-19 pandemic impacted UGRs’
graduate school intentions? (RQ2) Was having
less competent faculty and postgraduate mentors
associated with a decline in UGRs’ graduate school
intentions during COVID-19? and (RQ3) How did
COVID-19 impacts intersect with less competent
faculty mentorship to influence UGRs’ graduate
school intentions?

Conceptual model
We designed our analyses based on an Input-
Environment-Output (I-E-O) model. The I-E-O
model was developed by Austin and Antonio45 and
has been used in educational studies of UGRs.23,46
Similar to randomassignment enabled in controlled
experiments, the I-E-O model isolates the effects of
specific educational environments on student out-
comes by adjusting for the effects of initial student
attributes.46 In otherwords, the I-E-Omodel orients
multivariable analyses that comprehensively adjust
for potential biasing factors. “Inputs” are attributes
that a student initially brings to a specific educa-
tional environment, “environment” represents the
student’s experiences in the educational environ-
ment, and “outputs” generally refer to student devel-
opment outcomes.46 Figure 1 depicts the I-E-O
model for this study. Here, we used student demo-

graphics and academic characteristics as inputs. The
environment variables were mentorship character-
istics, including our focal variables of faculty and
postgraduate mentor competency and COVID-19
experiences. For the output, we examine UGRs’
graduate school intentions.

Methods

Data collection
The authors developed an online survey to collect
data. The survey took UGRs approximately 30
min to complete and included six domains: (1)
personal and educational circumstances in Spring
2020; (2) research disruption due to COVID-19;
(3) prior research experiences; (4) strength of
mentoring relationships; (5) general COVID-19
experiences; and (6) sociodemographic character-
istics. To recruit study participants, we collaborated
with URP directors across the country. We reached
out to potential participating directors through
two channels: we emailed program directors affil-
iated with a National Institutes of Health–funded
multi-institutional partnership, and we posted to
the Council on Undergraduate Research listserve.
We established working relationships with URP
directors from 18 universities to help us identify
student participants for the study. Some of these
directors oversaw multiple programs at that same
institution, and several others liaised with other
program directors at the same institution to identify
additional participants. Students were eligible to
take the survey if they were current undergraduate
students who conducted research in Spring 2020
and/or did (or were selected to do) research in
Summer 2020. To increase the response rate, we
asked the program directors to send out survey
invitations and reminders, which we provided.
Starting on July 6, 2020, students were invited to
take the survey. Nonrespondents received weekly
reminders for 2 weeks. We officially closed the
survey on July 31. The study was approved by the
second author’s university IRB board (#00133477),
and all participants received an Amazon eGift card
as an incentive after taking the survey.

Sample characteristics
In total, 2400 survey invitations were delivered via
email; 1220 students answered some or all of the
questions. For this paper, we selected students who
had a science-related major and reported having a
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facultymentor (n= 820). Those students were from
over 100 universities representing a wide variety of
institutional contexts across the country. Generally
speaking, the universities providing the most par-
ticipants were research-intensive second-tier state,
flagship state, and private universities. Among these
students, 26% were conducting research at the start
of Spring 2020 but stopped midsemester due to the
onset ofCOVID-19; 22%conducted research for the
duration of the Spring 2020 semester; 21% partic-
ipated in Summer 2020 research but did not con-
duct research in Spring 2020; and 31% conducted
research in Spring and Summer 2020.
The 820 UGRs included in this study were from

diverse backgrounds. About 60% were women, 39%
were men, and 1% were students with nonbinary
gender identities (e.g., trans man, trans woman,
genderqueer, and gender nonconforming). In terms
of race/ethnicity, 35% of the UGRs were non-
Hispanic White, 34% Hispanic, 21% non-Hispanic
Asian, 5% non-Hispanic Black, and 6% were from
Native American, Pacific Islander, multiracial, or
other racial/ethnic backgrounds. For classification,
44% of the UGRs were seniors, 37% juniors, and
the rest were first- or second-year college stu-
dents. About 30% were first-generation college stu-
dents, defined as not having a parent with a college
degree. Finally, the UGRs had various levels of prior
research experience as of the Spring 2020 semester:
about 13% were first-time researchers, 37% had less
than a year of research experience, and half had a
year or more of research experience.

Measures
Following the I-E-O model, inputs were used
as independent variables. For demographics, we
included three categories of gender (i.e., man
[reference], woman, and those outside the gender
binary), underrepresented minority (URM) status
(1 = yes [Hispanic, Black, Native American, Pacific
Islander, Multiracial]; 0 = no [White, Asian]), and
first-generation college student status (1 = yes,
0 = no). Academic characteristics were student
self-reported cumulative major grade point average
(GPA), self-reported major categories (engineer-
ing; health sciences; social/behavioral sciences;
math/computer/physical sciences; and life sciences
[reference]), and a continuous measure of pre-2020
research experiences in months.

Environment variables were also used as indepen-
dent variables. The first group of environment vari-
ables was related to mentorship. Respondents were
asked to answer 26 Likert survey items (1 = low
competency to 5 = high competency) from the
MCA to assess their mentors’ competency.We aver-
aged the 26 items to create a mentor competency
score.27 All respondents had a competency score for
their faculty mentor. On the basis of the value of
the score, we created two categories of faculty men-
tors (i.e., a more competent faculty mentor [compe-
tency score ≥ average value of the sample] versus
a less competent faculty mentor [competency score
< average value of the sample]). About 52% of the
UGRs had a more competent faculty mentor, and
the average competency score for thesementors was
4.6; 48% had a less competent mentor, and the aver-
age score for those mentors was 3.3.
For those who had a postgraduate mentor, a

competency score for the postgraduate mentor was
similarly calculated. Then, three categories were
developed for postgraduate mentors (i.e., a more
competent postgraduate mentor, a less competent
postgraduate mentor, and no postgraduate men-
tor). The majority of UGRs (i.e., 69%) did not have
a postgraduate mentor; 16% had a more competent
postgraduate mentor, and the average score was 4.7
for these postgraduate mentors. The rest had less
competent postgraduate mentors whose average
competency score was 3.5.
Previous studies used theMCA score as a contin-

uous variable,28–30 as they only focused on faculty
mentors. In the current study, we take into account
both mentoring dyads, when students worked only
with a faculty mentor, and triads when they worked
with faculty and postgraduate mentors. Therefore,
to include all UGRs in the analyses, we created these
categorical mentor competency variables, which
could be a useful strategy for future research on
postgraduate mentorship.
Students were also asked to report how often

they communicated with their faculty mentors dur-
ing COVID-19 (ranging from 1 = less than once
a month to 6 = daily). They indicated the mode
of communication (i.e., virtual meetings [refer-
ence]; in-person; and phone/text/email). They also
reported the duration of the relationship with that
faculty mentor in months.
The second group of environment variables

quantifies the impacts of COVID-19. We listed 17
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Table 1. COVID-19 impacts (n = 820)

COVID-19 impacts N (Yes)

1 Had to move out of a dormitory or university housing due to COVID-19 226
2 Experienced difficulties in traveling 299
3 Lost your job permanently or temporarily 241
4 Your family members lost their jobs permanently or temporarily 214
5 You experienced a salary cut 105
6 Your family members on whom you rely on for at least some financial support experienced a salary cut 169
7 The amount of your scholarship was reduced 34
8 Your scholarship was canceled 26
9 Payment of your scholarship was postponed 19
10 Your experienced racial/ethnic discrimination related to COVID-19 48
11 You experienced domestic abuse during the quarantine 9
12 Those you live with acted irresponsibly with regard to social distancing 177
13 You had to take care of others who were sick 41
14 You worried whether your food would run out before you (or your household) got money to buy more 83
15 The food that you or the adults in your household bought just didn’t last, and you didn’t have money

to get more
20

16 You or other adults in your household cut the size of your meals or skipped meals because there
wasn’t enough money for food

23

17 You lost weight because there wasn’t enough money for food 16

common COVID-caused difficulties in the survey
(see Table 1) and asked students to indicate whether
they experienced each of them. On the basis of the
authors’ experiences ofmentoringUGRs during the
pandemic, we coded students who reported four or
more difficulties as highly impacted by COVID-19
(1 = yes, 0 = no), and those who reported less than
four difficulties as less impacted by COVID-19
(1 = yes, 0 = no). One-fifth of UGRs experienced
more than four difficulties.We created this dichoto-
mous variable for COVID-19 impacts to enable
the analysis for the third research question. For
students’ research involvement during COVID-19,
we included four categories (i.e., began Spring
2020 doing research but stopped due to pandemic;
did research for the duration of the Spring 2020
semester only; did research only in Summer 2020;
and did research during Spring 2020 semester and
through at least July 2020 [reference]).
We developed amatrix to conceptualize the inter-

actions between low mentorship quality, mentor-
ing dyads versus triads, and COVID-19 impacts
(see Fig. 2). We created six mentoring scenarios
for UGRs who worked with less competent fac-
ulty mentors during COVID-19. As shown in the
matrix, Scenario I is that a UGR worked only with

a less competent faculty mentor and was highly
impacted byCOVID-19. Scenario II refers to aUGR
who had less competent faculty and postgraduate
mentors and was highly impacted by COVID-19.
Scenario III represents a mentoring triad where a
UGR had a less competent faculty mentor, a more
competent postgraduate mentor, and was highly
impacted by COVID-19. Three corresponding sce-
narios (IV–VI) were created for students who were
less (versus highly) impacted by COVID-19. As
shown in Figure 2, we compare these six scenarios
with all other UGRswho had amore competent fac-
ulty mentor (regardless of the postgraduate mentor
and COVID-19 impacts) in our analyses.
Finally, the output of the I-E-O model is the

dependent variable. In the survey, we asked, “how
has the COVID-19 pandemic influenced yourmoti-
vation to pursue a graduate degree in science?”
Response options include 1 = much less motivated,
2 = somewhat less motivated, 3 = a little less moti-
vated, 4 = not more or less motivated, 5 = a lit-
tle more motivated, 6= somewhat more motivated,
and 7 = much more motivated. We emphasized in
the survey that a science degreewas broadly defined,
which could include engineering, social/behavioral
sciences, health sciences, or life sciences. Table 2
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Figure 2. The mentoring relationship matrix.

presents descriptive statistics of all analysis vari-
ables.

Missing data
We used multiple imputation (MI) to estimate the
missing values of all analysis variables. The MI
approach involves fitting a model to impute miss-
ing values for each variable.47 Our MI process con-
tinued until 200 iterations were reached, and the
imputed values at the maximum iteration were
saved to the imputed dataset. In total, 20 complete
multiply imputed datasets were created (n = 820 in
each dataset). After MI, we treated originally ordi-
nalmeasures, such as the output, as continuous vari-
ables because rounding off imputed values based
on discrete categorical specifications producesmore
biased parameter estimates than treating them as
continuous.48

Statistical modeling
To address RQ1, we ran univariate descriptive
statistics on the output using the original dataset.

Then, to address RQ2 and RQ3, we used gen-
eralized estimating equations (GEEs) to predict
the output. GEEs are appropriate because: first,
similar to generalized linear models, GEEs relax
the assumptions of traditional regression mod-
els (e.g., normality of variable distribution);48–50
second, GEEs are more suitable than generalized
linear models to analyze clustered data;51 and our
data had a clustered structure. The 820 students
in the sample were clustered within 114 home
institutions and three classification categories (i.e.,
seniors; juniors; and first-/second-year college
students). Thus, we used each student’s home
institution and classification to define clusters for
our models. There were 160 clusters in total, and
the number of students in each cluster ranged
between 1 and 76 students. By accounting for the
institution as a clustering variable, we were able to
address potential institutional effects (e.g., insti-
tution type, characteristics, and research culture)
by design. This is appropriate because our focus
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Table 2. Descriptive statistics

Min. Max. Mean SD Yes No % missing

Independent variables
Inputs
Gender:

Man [ref] 0 1 – – 285 458 9.4
Woman 0 1 – – 449 294 9.4
Beyond binary 0 1 – – 9 734 9.4

Underrepresented minority 0 1 – – 328 413 9.6
First-generation college student 0 1 – – 238 582 0.0
Major GPA 2 4 3.73 0.34 – – 2.7
Major:

Engineering 0 1 – – 197 623 0.0
Health sciences 0 1 – – 53 767 0.0
Math/Computer
science/Physical sciences

0 1 – – 76 744 0.0

Social/Behavioral Sciences 0 1 – – 103 717 0.0
Life sciences [ref] 0 1 – – 391 429 0.0
Pre–COVID-19 research
experiences (in months)

0 28 13.00 8.31 – – 0.1

Environment
COVID-19 research timeline:

Spring and summer [ref] 0 1 – – 253 567 0.0
Early spring 0 1 – – 216 604 0.0
Full spring 0 1 – – 179 641 0.0
Summer only 0 1 – – 172 648 0.0

COVID-19 impacts:
Less impacted [ref] 0 1 – – 660 160 0.0
Highly impacted 0 1 – – 160 660 0.0

Frequency of communication
with a faculty mentor during
COVID-19

1 6 3.29 1.38 – – 4.5

Primary communication mode
(faculty mentor/mentee):

Virtual [ref] 0 1 – – 374 408 4.6
In-person 0 1 – – 31 751 4.6
Phone/text/email 0 1 – – 377 405 4.6
Mentoring relationship duration
(faculty mentor/mentee) (in
months)

0.50 66.00 16.40 10.33 – – 6.8

Faculty mentor competency:
Having a more competent
faculty mentor [ref]

0 1 – – 407 374 4.8

Having a less competent faculty
mentor

0 1 – – 374 407 4.8

Postgraduate mentor competency:
Having a more competent
postgraduate mentor [ref]

0 1 – – 120 700 6.6

Not having a postgraduate
mentor

0 1 – – 529 291 6.6

Having a less competent
postgraduate mentor

0 1 – – 117 703 6.6

Continued
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Table 2. (Continued)

Min. Max. Mean SD Yes No % missing

Mentoring scenarios:
I (a less competent faculty
mentor + highly impacted by
COVID-19)

0 1 – – 48 772 6.2

II (less competent faculty and
postgraduate mentors +
highly impacted by
COVID-19)

0 1 – – 18 802 6.2

III (a less competent faculty
mentor + a more competent
postgraduate mentor +
highly impacted by
COVID-19)

0 1 – – 12 808 6.2

IV (a less competent faculty
mentor + less impacted by
COVID-19)

0 1 – – 191 629 6.2

V (less competent faculty and
postgraduate mentors + less
impacted by COVID-19)

0 1 – – 68 752 6.2

VI (a less competent faculty
mentor + a more competent
postgraduate mentor + less
impacted by COVID-19)

0 1 – – 25 795 6.2

Dependent variables
Output
Motivation to pursue a graduate

degree in science
1 7 4.32 1.43 – – 18.8

Output by mentoring scenarios:
I (a less competent faculty
mentor + highly impacted by
COVID-19)

1 7 3.78 1.44 – – 14.6

II (less competent faculty and
postgraduate mentors +
highly impacted by
COVID-19)

1 7 3.53 1.25 – – 16.7

III (a less competent faculty
mentor + a more competent
postgraduate mentor +
highly impacted by
COVID-19)

1 7 4.82 1.60 – – 8.3

IV (a less competent faculty
mentor + less impacted by
COVID-19)

1 7 4.21 1.31 – – 19.9

V (less competent faculty and
postgraduate mentors + less
impacted by COVID-19)

1 7 4.07 1.20 – – 18.8

VI (a less competent faculty
mentor + a more competent
postgraduate mentor + less
impacted by COVID-19)

1 7 4.62 1.12 – – 16.0
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Table 3. The GEE model predicting student graduate school intentions

Model 1

B Exp(B) P

Inputs
Man ref ref ref
Woman −0.025 0.975 0.101
Beyond binary −0.091 0.913 0.149
Underrepresented minorities 0.035∗ 1.036 0.027
First-generation college student −0.039∗ 0.962 0.040
Major GPA −0.024 0.977 0.325
Life sciences ref ref ref
Social/Behavioral sciences −0.060∗ 0.942 0.011
Engineering −0.008 0.992 0.707
Health sciences 0.004 1.004 0.926
Math/Computer Science/Physical sciences −0.026 0.974 0.417
Pre–COVID-19 research experiences 0.003∗ 1.003 0.030

Environment
Spring and Summer ref ref ref
Early spring −0.051 0.951 0.053
Full spring −0.085∗∗ 0.919 0.001
Only summer −0.017 0.983 0.425
Frequency of communication with mentor 0.002 1.002 0.778
Virtual communication ref ref ref
In-person communication 0.087∗ 1.091 0.013
Phone/text/email 0.003 1.003 0.842
Mentoring relationship duration −0.002 0.998 0.079
Having a more competent faculty mentor ref ref ref
Having a less competent faculty mentor −0.037∗ 0.963 0.037
Having a more competent postgraduate mentor ref ref ref
Not having a postgraduate mentor −0.059∗∗ 0.943 0.004
Having a less competent postgraduate mentor −0.073∗∗ 0.929 0.004
Less impacted by COVID-19 ref ref ref
Highly impacted by COVID-19 −0.037∗ 0.964 0.037

Note: Model specification: an inverse Gaussian distribution with a log link function and the exchangeable correlation matrix.
∗∗P < 0.01. ∗P < 0.05. Ref, reference.

is on graduate school intentions at the individ-
ual level and not on specific institutional-level
effects.
Since we used the multiply imputed data for

the GEE models, our dependent variable was con-
tinuous and did not include 0. Therefore, when
selecting the best fitting models, we tested nor-
mal, gamma, and inverse Gaussian distributions
with logarithmic (log) and identity link functions
under different specifications of the intracluster
dependency correlation matrix (i.e., independent,
exchangeable, and unstructured).49,50,52 The inverse
Gaussian distribution with a log link function
and the exchangeable correlation matrix was best

fitting for both models because it resulted in the
lowest quasi-likelihood under the independence
model criterion (QIC) value. Although the depen-
dent variable was continuous, due to the log link
function of the model, we exponentiated each coef-
ficient (shown under the Exp(B) column in Tables 3
and 4). To interpret results, we subtracted one
from Exp(B) and multiplied by 100, which clarified
the percentage change in the dependent variable
associated with a unit change in the independent
variable.
To test the independent effects of mentor compe-

tency and COVID-19 impacts on student graduate
school intentions (RQ2), we estimated aGEEmodel
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Table 4. The GEE model predicting student graduate school intention

Model 2

B Exp(B) P

Inputs
Man ref ref ref
Woman −0.025 0.975 0.091
Beyond binary −0.093 0.911 0.145
Underrepresented minorities 0.033 1.033 0.056
First-generation college student −0.040∗ 0.960 0.034
Major GPA −0.023 0.977 0.341
Life sciences ref ref ref
Social/Behavioral sciences −0.064∗∗ 0.938 0.005
Engineering −0.010 0.990 0.628
Health sciences 0.002 1.002 0.966
Math/Computer Science/Physical sciences −0.030 0.970 0.350
Pre–COVID-19 research experiences 0.003∗ 1.003 0.020

Environment
Spring and Summer ref ref ref
Early spring only −0.052∗ 0.949 0.046
Full spring only −0.082∗∗ 0.921 0.002
Only summer −0.016 0.984 0.442
Frequency of communication with mentor 0.002 1.002 0.763
Virtual communication ref ref ref
In-person communication 0.082∗ 1.086 0.017
Phone/text/email 0.002 1.002 0.900
Mentoring relationship duration −0.002 0.998 0.060
Having a competent faculty mentor ref ref ref
Scenario I: a less competent faculty mentor +

highly impacted by COVID-19
−0.087∗ 0.917 0.024

Scenario II: less competent faculty and
postgraduate mentors + highly impacted by
COVID-19

−0.122∗ 0.886 0.016

Scenario III: a less competent faculty mentor + a
more competent postgraduate mentor + highly
impacted by COVID-19

0.048 1.049 0.368

Scenario IV: a less competent faculty mentor + less
impacted by COVID-19

−0.041∗ 0.960 0.031

Scenario V: less competent faculty and postgraduate
mentors + less impacted by COVID-19

−0.052∗ 0.949 0.030

Scenario VI: a less competent faculty mentor + a
more competent postgraduate mentor + less
impacted by COVID-19

0.010 1.010 0.793

Note: Model specification: an inverse Gaussian distribution with a log link function and the exchangeable correlation matrix.
∗∗P < 0.01 and ∗P < 0.05. Ref, reference.

(Model 1) to predict graduate school intentions, in
which facultymentor competency (more competent
[reference] versus less competent), postgraduate
mentor competency (more competent [reference],
less competent, no postgraduate mentor), and
COVID-19 impacts (less impacted [reference]

versus highly impacted) were the focal independent
variables, while inputs and other environment
variables were used as controls. Next, to answer
RQ3, we incorporated the six mentoring scenarios
from the mentoring relationship matrix (versus
all UGRs with more competent faculty mentors,
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with or without a postgraduate mentor, regardless
of the COVID-19 impacts) into one GEE model
(Model 2) to examine the interactions between
low faculty mentor competency and COVID-19
impacts.

Sensitivity analysis
Since some mentoring scenarios have small counts
(e.g., scenarios II and III), results from those sce-
narios might be affected by statistical fluctuations.
Thus, we conducted a sensitivity analysis to test
the robustness of the results from Model 2. Specifi-
cally, we combined scenarios I and IV into A (hav-
ing a less competent faculty mentor, n = 239), II
and V into B (having less competent faculty and
postgraduate mentors, n = 86), III and VI into
C (having a less competent faculty mentor and a
more competent postgraduate mentor, n = 37).
We then used those combined categories in a GEE
model (Model 3) wherein model specifications and
all other variables were kept the same. In Model
3, the reference category for mentoring scenarios
A and B was UGRs with more competent faculty
mentors (with or without a postgraduate mentor),
and the impacts of COVID-19 were not included
in mentoring scenarios but used as an independent
predictor.
In addition, the COVID-19 pandemic affected

different regions of the United States unequally,
which might affect students’ intentions to pursue
graduate education. We conducted the second sen-
sitivity analysis to address this issue. We catego-
rized students into four U.S. geographic regions
(Northeast, Midwest, South, and West, defined by
the U.S. Census Bureau) based on the locations
of their home institutions. Then, we used the
four regions as independent variables and reesti-
mated Models 1 and 2 (referred to as Models 4
and 5).

Results

RQ1: How has the COVID-19 pandemic
impacted UGRs’ graduate school intentions?
One-fifth of UGRs reported that the pandemic
made them less motivated to pursue a graduate
degree in science, 33% reported more motivation
to pursue graduate education due to the pandemic,
and 47% reported that their motivations to pursue

graduate school were unchanged during the pan-
demic (as of July 2020).

RQ2: Was having less competent faculty and
postgraduate mentors associated with a
decline in UGRs’ graduate school intentions
during COVID-19?
Table 3 reports the results of Model 1. Less com-
petency among faculty and postgraduate mentors
was significantly associated with reduced student
motivation to pursue a graduate degree in sci-
ence. Specifically, those who had less competent fac-
ulty mentors (versus more competent) were 3.6%
less motivated by COVID-19 to pursue a gradu-
ate degree in science (P = 0.037). Students with-
out a postgraduate mentor or with a less compe-
tent postgraduate mentor were 5.7% and 7.0% less
motivated by COVID-19 to pursue graduate school
(P = 0.004; P = 0.004) as compared with UGRs
who had amore competent postgraduatementor. In
terms of COVID-19 impacts, those whowere highly
impactedwere 3.6% lessmotivated byCOVID-19 to
pursue graduate school compared with UGRs who
were not highly impacted (P = 0.037).
Other environment variables were also signifi-

cant predictors. Students who usually had in-person
communications with their faculty mentors during
the pandemic (versus those who primarily commu-
nicated with their faculty mentors through virtual
meetings) were 9.1%moremotivated by COVID-19
to pursue graduate school (P = 0.013). Compared
with students who did research throughout spring
and summer of 2020, those who did research only
in spring were 8.1% less motivated by COVID-19 to
pursue graduate school (P = 0.001).
Table 3 also reports findings from the inputs.

Social/behavioral sciences students were less moti-
vated by COVID-19 to pursue graduate school than
life sciences students (5.8% less;P= 0.011). Every 1-
month increase in students’ pre-2020 research expe-
rience durationwas associated with a 0.3%COVID-
caused increase in motivation to pursue graduate
school (P = 0.030). Finally, first-generation UGRs
were 3.8% less motivated by COVID-19 to pur-
sue graduate school compared with continuing-
generation students (P = 0.040), while URM stu-
dents were 3.6% more motivated by COVID-19 to
pursue graduate school than non-URM students
(P = 0.027).
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RQ3: How did COVID-19 impacts intersect
with less competent faculty mentorship to
influence UGRs’ graduate school intentions?
Table 4 reports the results of Model 2. The results
show that Scenarios III and VI were not statistically
significant (P> 0.05). That is to say, regardless of the
students’ level of COVID-19 impacts, forUGRswho
had less competent faculty mentors, their changes
in motivation to pursue graduate school caused by
COVID-19 did not differ fromUGRswho hadmore
competent faculty mentors, as long as they had
more competent postgraduate mentors. Compared
with UGRs who had more competent faculty men-
tors, those who were highly impacted by COVID-
19 and had less competent faculty and postgraduate
mentors (scenario II) were 11.5% less motivated by
COVID-19 to pursue graduate school (P = 0.016),
while those who had only a less competent faculty
mentor (scenario I) were 8.3% less motivated by
COVID-19 to pursue graduate school (P = 0.024).
When the COVID-19 impacts were low, a men-
toring triad with less competent faculty and post-
graduate mentors (scenario V) was associated with
a 5.1% reduction in motivation (P = 0.030), and
a mentoring dyad with a less competent faculty
mentor (scenario IV) was associated a 4.0% reduc-
tion in motivation (P = 0.031). In terms of direc-
tion and significance, the results of other variables
were generally the same as those in Model 1 except
that URM students maintained the same direction
but became nonsignificant (P = 0.056), and stu-
dents who did research in early spring before stop-
ping in late spring became significant (B = −0.052,
P = 0.046).

Results of sensitivity analysis
Results from the sensitivity analyses (Models 3–
5) are presented in Appendix A (Tables S1 and
S2, online only). Model 3 indicates that students
who had only less competent faculty mentors (sce-
nario A) or less competent faculty and postgrad-
uate mentors (scenario B), respectively, reported
5% (P = 0.009) or 6% (P = 0.008) reductions in
motivation to pursue graduate education. However,
among UGRs with less competent faculty mentors
and more competent postgraduate mentors (sce-
nario C), graduate school intentions were statis-
tically equivalent to UGRs with more competent
faculty mentors (P = 0.492). This indicates that

results for the six mentoring scenarios in Model 2
are robust.
Models 4 and 5 show that UGRs’ graduate school

intentions did not vary significantly across the four
regions (P > 0.05) and that results for other vari-
ables did not differ in terms of the direction and
significance of associations from Models 1 and 2.
Therefore, this sensitivity analysis indicates that
results of Models 1 and 2 are also robust after taking
into consideration regional effects.

Discussion

The COVID-19 pandemic has changed the land-
scape of undergraduate education in the United
States. College students are facing financial dif-
ficulties, academic interruptions, and health
challenges.38,39,41,42,44 Despite those barriers and
struggles, a motivational Fauci effect was observed
among students pursuing medical school.12 Can
we expect a similar motivational effect of COVID-
19 on students’ graduate school intentions? Our
descriptive results indicated that more students
experienced an increased motivation to pursue
graduate education (33%) than decreased motiva-
tion (20%) due to the pandemic. The multivariable
model results provide nuance with regard to how
other variables influenced motivation. COVID-19
became a motivator for UGRs’ graduate school
intentions only when those UGRs experienced
fewer difficulties caused by the pandemic. This
finding aligns with previous research suggesting
that challenges caused by COVID-19 negatively
affected college students’ motivations.38–40
The main contribution of the current study is

that we extend the mentoring literature by investi-
gating the effect of less competent faculty mentor-
ship in the context of a global disaster. Most previ-
ous studies on undergraduate research mentoring
focused on the beneficial effects of having highly
competent mentors on students,13–15 and a hand-
ful of them documented the issues caused by nega-
tivementoring.5–9 Our results reveal the unique role
of mentorship quality during COVID-19. Specifi-
cally, the effect of the pandemic on UGRs’ gradu-
ate school intentions was conditional on whether
UGR’s had more or less competent mentors. Hav-
ing a less competent faculty mentor made COVID-
19 detrimental toUGRs’ graduate school intentions.
Another novel element of this paper is our focus on
postgraduate mentors and their competency. Prior
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research on postgraduate mentors is limited,24 and
no previous studies used the MCA to quantify the
quality of postgraduate mentorship. In our sample,
31% of students had a postgraduate mentor dur-
ing the COVID-19 pandemic. If those students per-
ceived the postgraduate mentor as less competent,
their motivation to pursue graduate education was
reduced.
To further understand the nuanced intersection

between less competent faculty mentorship and
COVID-impacts, we conceptualized six possible
scenarios for UGRs who had less competent fac-
ulty mentors, based on the mentoring relationship
matrix (Fig. 2). Importantly, we found that hav-
ing more competent postgraduate mentors com-
pensated for less competent faculty mentorship to
positively influence UGRs’ graduate school inten-
tions (scenarios III and VI, n = 37 students).
Notably, in scenario VI, when UGRs had less com-
petent faculty mentors, faced more COVID-19–
caused difficulties, and yet had more competent
postgraduate mentors, they had statistically equiva-
lent graduate school intentions to UGRs with more
competent faculty mentors. Hypothetically, this is
because theywere buffered from those challenges by
themore competent postgraduate mentor, although
this remains speculative. On the other hand, more
UGRs (n = 325) worked in a context character-
ized by less competent mentoring (scenarios I, II,
IV, and V). Those scenarios were generally associ-
ated with reduced graduate school intentions due to
COVID-19.
Informed by the I-E-O model, we also included

inputs and other environment variables in analy-
ses. Before the pandemic, first-generation students
had lower intentions of going to graduate school
than continuing-generation students.53 Our results
reveal that first-generation UGRs might have expe-
rienced a more pronounced reduction in gradu-
ate school intentions because of COVID-19. In
contrast, URM students reported greater increases
in motivation to pursue graduate school due to
COVID-19 than White and Asian students did.
Given that URM students bore more health and
economic burdens of this pandemic,54,55 these find-
ings might indicate URM students’ resilience in the
face of the pandemic.56 It might also be the case
that since URM students experienced greater eco-
nomic hardship than non-URM students during
the pandemic,57,58 they had increasedmotivation to

pursue graduate school, which could provide them
with immediate financial support and improve their
long-term job prospects.
With regard to student academic characteris-

tics, we found that for UGRs pursuing degrees in
social or behavioral sciences, COVID-19 decreased
their graduate school intentionsmore so thanUGRs
pursuing degrees in life sciences. The Chronicle
of Higher Education reported that more than 50
U.S.-based doctoral programs in the humanities
and social sciences closed their admissions for Fall
2021.59 Although this may have been a neces-
sary financial strategy to enable the programs to
fund their current graduate students, it might have
reduced UGRs’ interests in applying to graduate
programs in the social and behavioral sciences. In
addition, UGRs with longer-term research experi-
ences before Spring 2020 had a greater increase in
graduate school intentions during the pandemic.
Perhaps those more experienced UGRs were bet-
ter able to resolve challenges and thus were more
resilient during the pandemic.
In terms of other environment variables, the

results show that UGRs who usually had in-person
communications with their faculty mentors were
more motivated by COVID-19 to pursue graduate
school than those with only virtual interactions.
This aligns with a study conducted before the
pandemic, in which being able to meet face-to-face
with faculty mentors was found to increase the
odds of undergraduate students publishing their
research.46 Finally, as compared with students who
did research throughout spring and summer of
2020, those who conducted research for the dura-
tion of Spring 2020 (but not during Summer 2020)
reported decreased intentions to pursue graduate
school because of COVID-19. It is possible that the
challenging and uncertain circumstances of trying
to conduct research in Spring 2020 were energy-
consuming and stressful (unpublished data). Then,
because of summer research program cancela-
tions, many such students lost the opportunity to
recover their motivation through more positive,
less chaotic experiences. The decreased motivation
among UGRs who only did research in spring may
also be partly attributable to the fact that those
students were not doing research when taking the
survey. Another possible explanation is that those
UGRs not participating in Summer 2020 research
might have secured employment, which led them
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away from a research career path and decreased
their graduate school intentions. However, this is
speculative as we did not collect information on
students’ alternative employment in Summer 2020.
Although the present study addressed a num-

ber of gaps in the literature, there are limitations
that require further inquiry. The first limitation
concerns the measurement of the outcome, as it
is the change in students’ graduate school inten-
tions caused by COVID-19. Although this measure
allows us to examine the effects of the pandemic on
students directly, we lack knowledge of UGRs’ base-
line intentions. That is to say, a decrease in graduate
school intention does not imply the lack of desire
to go to graduate school. As a self-assessed mea-
sure, the question is also subjective to the interpre-
tation of each individual student taking the survey,
and student intention may not translate into actual
behavior. Thus, future studies should examinemore
objective measures, such as whether UGRs actu-
ally apply to, are accepted by, or enroll in gradu-
ate programs. In order to collect that information,
researchers need to use longitudinal designs and
follow participants for multiple years after gradu-
ation. We did not have access to such measures in
this paper because we conducted the study while
all participants were undergraduate students, and
most had not yet become eligible to apply to grad-
uate school. Second, we constructed the more com-
petent and less competent mentor variables based
on the mean value of the MCA. While logical, this
approach created a measure that is relative to this
study’s sample.
Third, the current study focuses on the mentee’s

perspective. Future researchers should make efforts
to collect data on faculty and postgraduate men-
tors’ perceptions, which would enhance the under-
standing of mentor–mentee relationships and inter-
actions. Fourth, when taking the survey in July
2020, some student participants were actively doing
research, while others were not, which may have
affected how they responded to some of the sur-
vey questions. Fifth, we examined individual-level
factors influencing graduate school intention while
controlling for institutional effects by design via
GEEs. Future research could explore how institu-
tional factors impact UGRs’ intentions to pursue
graduate education using hierarchical linear mod-
eling. Sixth, COVID-19 is a fast-moving crisis, so it
is possible that associations observed in this study,

which are based on data collected in July 2020 and
pertinent to the early months of the pandemic,
might change as the pandemic evolves. However, we
believe that documenting and understanding UGRs
experiences during the period of a major crisis is
itself critical. More importantly, future researchers
should pay close attention to and continue exam-
ining the cohorts of UGRs that went through the
pandemic, as it is possible that they will experience
enduring effects.

Conclusions

The COVID-19 pandemic has made it more chal-
lenging for many UGRs to pursue the scientific
journey. To support these students as well as the
development of the U.S. scientific workforce more
generally, education researchers, URP directors,
and university administrators need new knowl-
edge and innovative interventions. Results from
this study offer a hopeful sign, as one-third of stu-
dents reported increased graduate school inten-
tions due to the pandemic, while only one-fifth
reported decreased intentions.ManyUGRs demon-
strated resilience in the face of challenges in terms
of their graduate school intentions. In other words,
this study, to some extent, reveals a Fauci effect on
UGRs’ intentions to pursue graduate education in
science.
The beneficial effects of having competent faculty

and postgraduate mentors point to potential areas
for intervention: promoting mentoring training
across URPs and promoting face-to-face contact
when possible. It has been well-documented that
mentor training can effectively improve research
mentors’ competencies.60–62 Given the impor-
tance of postgraduate mentors for UGRs, wide
dissemination of mentoring training designed for
postgraduates is needed. While results showed
face-to-face contact to be beneficial for graduate
school intentions, it is not always possible given
university policies and individual faculty and stu-
dent concerns under some circumstances (e.g., the
COVID-19 pandemic). When possible, mentors
should carefully weigh the pros and cons and,
as appropriate, consider structuring meetings to
permit some in-person interactions.
We should also recognize that less competent

faculty mentorship might not be attributable to a
lack of training or unwillingness to support stu-
dents. There have been clear structural constraints
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that limited faculty’s abilities to effectively men-
tor students in the pandemic. During COVID-19,
faculty themselves have struggled with teaching,
research, and personal responsibilities.19 Thus, col-
lective efforts between URPs and institutions are
needed to support undergraduate research men-
tors in these trying times. Finally, our results indi-
cate that several groups of UGRs who were more
likely to experience a reduction in motivation to
pursue graduate school than others, such as UGRs
who were highly impacted by COVID-19 with less
competent mentors, were first-generation college
students, had less prior research experience, had
their Summer 2020 research experiences canceled,
and were social/behavioral sciences majors. Pro-
gram directors, university administrators, and pol-
icymakers need to work together to develop imme-
diate strategies to reengage these more vulnerable
students on their science training pathways.
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