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Abstract

Research internships provide students with invaluable experience conducting
independent research, contributing to larger research programs, and embedding
in a professional scientific setting. These experiences increase student persistence
in ecology and other science, technology, engineering, and mathematics (STEM)
fields and promote the inclusion of students who lack opportunities at their
home institutions and/or are from groups that are underrepresented in STEM.
While many ecology internship programs were canceled during the 2020
COVID-19 pandemic, others successfully adapted to offer virtual internships for
the first time. Though different from what many researchers and students envi-
sion when they think of internships, virtual ecology internship programs can cre-
ate more accessible opportunities and be just as valuable as in-person
opportunities when research programs and advisors develop virtual internships
with intention and planning. Here, we highlight six ways to structure a virtual
intern project, spanning a spectrum from purely computer-based opportunities
(e.g., digital data gathering, data analysis, or synthesis) to fully hands-on research
(e.g., sample processing or home-based experiments). We illustrate examples of
these virtual projects through a case study of the Smithsonian Environmental
Research Center’s 2020 Virtual Internship Program. Next, we provide 10 recom-
mendations for effectively developing a virtual internship program. Finally, we
end with ways that virtual internships can avoid the limitations of in-person
internships, as well as possible solutions to perceived pitfalls of virtual intern-
ships. While virtual internships became a necessity in 2020 due to COVID-19,
the development and continuation of virtual internships in future can be a valu-
able tool to add to the suite of existing internship opportunities, possibly further

promoting diversity, equity, and inclusion in ecology and STEM.
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BACKGROUND

Research internships—opportunities to conduct indepen-
dent research within a larger research program—provide
students the opportunity to build upon foundational
knowledge learned in the classroom. In ecology, research
internships primarily take place in-person, with students
traveling to universities, research institutes, and field sta-
tions for the experience. These opportunities are one of
the primary ways high school and undergraduate stu-
dents and recent graduates gain experience working with
a research team and conducting independent research
prior to starting graduate school or entering the
workforce.

The goals of typical internships are for students to
gain experience with the scientific process and acquire
important technical, networking, and values-based
(e.g., confidence, teamwork, and independent learning)
skills for their career. Research interns often develop
independent projects related to a laboratory’s ongoing
research program, conduct laboratory- and/or field-based
experiments or surveys, and engage with a community of
scientists and staff at their host institution. However,
internships are variable in funding, timing, and training.
Depending on funding, interns may be hosted by a spe-
cific research laboratory or as part of a larger internship
program run at the department or institution level. Addi-
tionally, an intern’s direct advisor may be a laboratory’s
principal investigator or another member, such as a labo-
ratory manager, technician, graduate student, or postdoc.

Internships are critical for promoting diversity,
equity, and inclusion in ecology. Internship experience
increases student retention, particularly for first-
generation college students and groups that have been
traditionally underrepresented in science, technology,
engineering, and mathematics (STEM) fields (Graham
et al., 2013; Grineski et al., 2018; Hernandez et al., 2018;
Pender et al., 2010). After completing internships, stu-
dents report growth in skills critical to conducting and
communicating research, as well as developing clear
career goals (Lopatto, 2007). Students from underrepre-
sented groups report higher learning gains from under-
graduate research experiences compared to peers (Pender
et al., 2010). Many also develop relationships with a peer
group that provides support as members of the group
advance in their careers. As a result, research internship
programs are commonly encouraged to prioritize stu-
dents without access to research experiences at their cur-
rent universities and/or from underrepresented groups.
For example, the National Science Foundation’s Research
Experience for Undergraduates (NSF REU) program is
one of the longest running federal programs for under-
graduate internships in the United States and an

important source of funding for many institutions, with
more than $270 million in funding from 2014 to 2020
(NSF, 2020a, 2020b). NSF REU goals include “increasing
the numbers of women, underrepresented minorities,
and persons with disabilities in research”, as well as “vet-
erans of the US Armed Services and first-generation col-
lege students” (NSF REU solicitation).

During 2020, many research internships were dramat-
ically impacted due to the COVID-19 pandemic. In the
United States, extended quarantines began in the
spring—a critical time for summer position decisions.
This resulted in the cancelation of many internship pro-
grams, substantially reducing the number and type of
opportunities offered for students. For instance, the num-
ber of sites that hosted NSF REU students in biology was
reduced to a fifth of typical years, from 124 sites in 2019
to 25 sites in 2020 (NSF BIO-REU program report). The
few internship programs that did run, both within and
outside of NSF REU, adapted to accommodate institu-
tional, state, and federal public health recommendations
by offering an unprecedented number of virtual opportu-
nities, many of which had never been virtual before
(Scott Price et al., 2020).

Before COVID-19, virtual internships, particularly in
ecology, were uncommon. Indeed, NSF REU experiences
in biology were required to occur in-person prior to 2020.
However, there is growing support that postsecondary
online learning and mentoring opportunities do not yield
differential learning gains and provide more accessible
opportunities (Armstrong et al., 2020; Faulconer
et al., 2019; Jeske & Linehan, 2020; Jose et al., 2019;
Pei & Wu, 2019; Scanlon et al., 2015). Compared to STEM
fields, virtual internship opportunities in business enter-
prises have been increasing globally. Psychological and
social research support that virtual opportunities can be
as valuable as in-person opportunities and provide inter-
disciplinary recommendations for implementing virtual
internships (Jeske, 2019; Jeske & Linehan, 2020).

The success of virtual opportunities in 2020 highlights
the viability of these novel internship formats, which
could increase the accessibility of science. Offering virtual
or hybrid internships—opportunities that combine vir-
tual internships with some in-person experiences—could
increase the participation of underrepresented groups
and nontraditional students who, even during non-
pandemic years, cannot travel to participate in-person.
For example, nontraditional students with family obliga-
tions that require their physical presence could work
from home and develop a flexible schedule that meets
their needs. Virtual internships could also benefit students
with health conditions that require regular medical consul-
tation (e.g., ongoing therapies and scheduled procedures)
that would limit the time a student could spend away from
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BOX1 Moving virtual—Smithsonian Environmental Research Center as a case study

Since 1971, the Smithsonian Environmental Research Center (SERC) has had an active internship program focus-
ing on global change ecology, including student projects on topics including climate change, biological invasions,
ecosystem restoration, and sustainable management practices. Recently, SERC has hosted 30-40 interns per year,
with most internships occurring over the summer. All SERC interns receive stipends, with funds coming from
NSF BIO-REU grants (since 2001), university partnerships, grants to individual SERC researchers, and donations.
In line with the goals of the BIO-REU program, our summer intern recruitment focuses on students from groups
that have been historically underrepresented in STEM (defined by the BIO-REU program as women, Black,
Latinx, American Indians, Alaska Natives, Native Hawaiians and other Pacific Islanders, veterans, and students
with disabilities), as well as students who have limited research opportunities at their home institutions, such as
community college students. Typically, interns live in on-site housing on SERC’s 10.72 km? research campus
located on the Chesapeake Bay. Nearly all intern projects include field work on SERC’s campus, which includes
forest, wetland, and estuarine habitats, as well as greenhouse, common garden, and wet laboratory research
facilities.

In summer 2020, the commitment of SERC’s staff scientists to provide opportunities for students, especially
those who have had less access to those opportunities, provided strong incentive to shift the program from
in-person to virtual internships. Originally, all planned projects required extensive field and/or laboratory com-
ponents. However, mentors were able to either adapt the original project idea to focus on existing data or devel-
oped new projects that fit within the scope of both the laboratory’s and intern’s interests, and that could be
conducted remotely. This was particularly important for laboratories that had already completed intern applica-
tion review and made offers to students. Some of the advisors were initially hesitant about the idea of virtual
internships. However, as internships progressed, mentors reported that they were able to provide valuable
learning experiences for interns, even if those were very different experiences and required the interns to learn
different skills than had been initially planned.

SERC hosted 27 interns (two master’s students, 19 undergraduates, and six high school students) during
summer 2020. Similar to previous years, all SERC interns completed independent research projects that they
developed with the support of a research mentor over the course of their 10- to 12-week internship. To ensure
virtual accessibility, we offered to provide access to any technology that the students would need to complete
their internships (e.g., computer and Internet access), but in this case, all students were able to provide their
own. All SERC interns are provided with Smithsonian network accounts, which allowed them access to virtual
meeting and communication tools, cloud storage, a broad array of data analysis software, and internal
Smithsonian networks that house data and images. While these network accounts and resources are available
to interns in all years, they were particularly vital for virtual internships. These platforms allowed interns and
mentors to have video conferences and online messaging, share resources, co-edit documents, and for students
to interact with one another.

In 2020, most of our intern projects were based on the analysis of existing data from SERC projects, or gath-
ering and analysis of publicly available digital data (Table 1). However, there were several cases where interns
were engaged in new data collection (Table 1). One group of interns and their advisors designed and conducted
an experiment related to plant growth and nutrient uptake by growing potted plants in their yards. In this case,
all students were in the Washington, DC region, and the mentor was able to safely deliver plants and supplies
to the three participating interns’ homes. In another case, two students worked with high school teacher
externs to determine the feasibility of crowd-sourcing the measurement of crab images through the Zooniverse
citizen science platform. The teachers measured the physical preserved crab specimens, and the interns
processed images of the crabs to determine the best axes to measure to reduce digital measurement error. In a
third case, the advisor shipped plant samples and equipment to the intern’s home, where the intern was able to
sort, weigh, and classify samples for future DNA extraction.

In addition to conducting independent research projects, SERC interns participate in a series of mini-
courses to develop skills that are valuable across a range of STEM professions. These courses cover a wide vari-
ety of topics, including science communication, research ethics, diversity and inclusion in STEM, introduction
to programming in R, and STEM career exploration. In 2020, we were able to conduct all mini-courses virtually.
Virtual mini-courses had a few advantages, including easier scheduling and the ability to bring in presenters
from across the country (including a panel of former SERC interns). At the end of their internships, each SERC
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intern gave a formal research presentation about their project and created a short (3-min) video for a public
audience. Presentations and video premieres occurred through a virtual meeting platform, which provided the
additional benefit that family members, friends, and professors from their home institutions were able to view
the presentations, in addition to the SERC staff.

Through exit interviews, SERC’s 2020 interns reported feeling a high degree of ownership over their projects
and appreciated the amount of independence they had in developing and implementing their research. Interns
also reported feeling well supported and mentored overall by their advisors and that they were integrated into
their laboratory groups. Advisors reported high levels of satisfaction with the experience, and many enjoyed the
opportunity to teach parts of the research process that they tend to spend less time on during in-person intern-
ships (e.g., programming, data management and analysis, writing). Because the projects were all virtual and no
relocation costs were accrued, we were able to extend the appointments of five interns into the fall, allowing
the funding for them to continue working on their projects part-time, including preparing manuscripts for pub-
lication. Based on summer 2020, SERC plans to continue to offer virtual and hybrid internships when possible

HRUSKA ET AL.

and appropriate to accommodate the needs and goals of students and advisors.

home by allowing them to work virtually for part of an
internship (Maestre, 2019; Nash, 2021). Shifting to a virtual
internship may be a successful strategy when an intern
cannot complete an ongoing internship in-person due to
an emergency or other outstanding circumstance (Jose
et al., 2019). While virtual internships certainly cannot and
should not entirely replace in-person experiences, and chal-
lenges remain in ensuring access to computers and other
resources needed to participate in virtual internships, regu-
larly offering virtual experiences as part of existing pro-
grams could promote diversity and inclusivity in science
and expose students from all backgrounds to additional
parts of the research processes (e.g., Jose et al., 2019; Nocco
et al., 2021; Scanlon et al., 2015).

The five authors of this paper hosted virtual interns
for the first time during summer 2020 with the
Smithsonian Environmental Research Center (SERC)
(Box 1). Although these opportunities arose due to a
global pandemic, our experiences highlight that virtual
internships are not only possible, but that offering vir-
tual or hybrid internships in future could increase the
accessibility of STEM training for all students.
Reflecting on the success of our collective experiences,
we present an in-depth look at six types of virtual
internship projects, provide our top 10 recommendations
for conducting virtual internships, and provide possible
solutions for some commonly perceived pitfalls and lim-
itations to internships. Our hope is that internship pro-
grams and funding organizations will create more
flexible policies to continue virtual and hybrid opportu-
nities in future.

TYPES OF VIRTUAL INTERNSHIPS

In large part, internships are structured to expose stu-
dents to the scientific process and to give them

experience conducting independent research; however, it
is rare that an intern gets in-depth practice with each step
of the scientific process during a single internship. In
ecology, these experiences often focus on gaining practice
with technical field- and laboratory-based techniques.
While these experiences are worthwhile, virtual intern-
ships highlight other worthwhile project types previously
underrepresented across internships. While it can be dif-
ficult to conceive of how typical intern projects can be
moved to a virtual setting, there are opportunities
throughout the scientific process to complete remote
tasks (Figure 1). Thus, it is possible for advisors to work
with interns to develop research questions that can be
answered remotely and engage interns in every stage of
the scientific process, even if they never come to the host
institution in person. Based on our collective experiences,
we identified six types of projects that can occur within a
virtual internship and span the entire range of the scien-
tific process. Examples of five of these six types of projects
are described in detail in Table 1.

At-home experiment

Advisors can work with interns to develop experiments
that can be conducted either at home or at a site local to
the intern. Working at a site local to the intern may only
be feasible if the intern lives near an existing field site
and/or collaborator. In contrast, at-home experiments
may be feasible anywhere; however, indoor/outdoor
space requirements and the safety of the intern and their
household are critical considerations for any at-home
experiment. The necessary equipment and supplies can
be shipped to the intern’s home during the initial phase
of the internship, and any samples generated can be
shipped back to the host institution for archiving if
desired. Advisors should work with interns to determine
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FIGURE 1

The parts of the scientific process that interns focus on within each of six different types of virtual internships. Importantly,

all different types of independent projects should involve the generation of scientific questions and sharing of results

the feasibility of remote experiments prior to the begin-
ning of the internship. At-home experiments are well
suited for interns that seek to gain experience in experi-
mental design, setup, and maintenance.

At-home physical sample processing

Advisors and interns can design research questions
around previously collected samples that can be shipped
to the intern’s home for processing. Necessary equipment
and supplies could also be shipped or loaned from insti-
tutions or collaborators near the student’s home. Again,
space and safety requirements must be considered in the
planning phase for these types of projects. These projects
would be well suited for interns that seek experience with
a particular methodological technique that can be
learned and performed from home, or how to process
samples to create data and prepare for analysis.

Gathering digital data

Interns can create new datasets from existing information
pulled either from large online databases or from other
digital sources (e.g., existing surveys, online informatics,
and literature reviews for quantitative meta-analyses).
While these projects focus on existing digital data, they

move beyond pure data processing and analysis to
include the data gathering step. These projects can be
particularly valuable for students who are interested in
meta-analyses, big data, and large-scale synthesis efforts.

Digital sample processing and methods
development

Digital samples are becoming increasingly common in
ecology, including acoustic, video, or image files from
which meaningful information can be extracted. Interns
can be provided access to these digital samples either
through a cloud service or remote access to their host
institution’s network for processing. Further, interns can
be tasked with developing protocols for the processing of
these digital samples if one does not already exist. These
projects can be well suited for interns who are interested
in working with digital samples to address unique scien-
tific questions.

Analysis of existing data

Interns can use existing datasets to develop and address
research questions of interest. Tasks related to these pro-
jects can include power analyses, outlier analyses and
data cleaning, and statistical analysis. These projects can
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TABLE 1 An overview of the Smithsonian Environmental Research Center’s (SERC’s) virtual internship program, indicating the type
of virtual project, the number of projects and interns, and project examples

Number of projects and interns Example projects from SERC summer 2020
Project type from SERC summer 2020 program program
At-home experiment Two projects, four interns « Examining the effects of plant species diversity on the

uptake of nitrogen runoff from residential yards. An
advisor dropped off supplies at the interns’ homes,
and three interns ran the same experiment, with
each home serving as a replicate.

« Examining the impacts of algal shading on oyster
restoration projects. An intern and an advisor were
able to deploy materials at sites near their homes,
and collect data using the same experimental design
in two different coastal locations.

At-home physical sample processing  Two projects, three interns » Determining the impacts of environmental change on
host/parasite dynamics. An advisor dropped off mud
crab samples, which were measured, sexed, and
checked for parasites.

« Analyzing the impact of nitrogen enrichment on
saltmarsh ecosystems. The intern was able to borrow
equipment from a local university to weigh and
measure plant samples that had been mailed by the
advisor.

Gathering digital data Two projects, three interns « Determining public perceptions of invasive species to
develop recommendations for media coverage of
invasion science. Interns used Google Analytics and
existing public databases to characterize how the
media portrays invasive plant species and the
consequences for public perceptions.

» Analyzing the media framing of climate change
solutions in marine habitats. An intern conducted
key word searches and sentiment analysis on
articles obtained from journalism databases.

Digital sample processing and Six projects, nine interns » Analyzing the game camera footage to assess the
methods development utility of river otters as sentinel species. An intern
developed methods for analyzing video and
photographic images from game cameras to
determine presence, abundance, and categorize
behaviors of river otters.

» Determining the impact of drought on vessel
formation in deciduous trees. An intern used images
of slices from tree microcores to develop a method
for identifying and measuring xylem vessels.

Analysis of existing data Eight projects, eight interns « Determining the efficacy and interoperability of
coastal carbonate chemistry methods. An intern used
existing data about coastal carbonate chemistry
measurements to compare collection methods and
model the accuracy of different data collection
scenarios.

« Tracking changes in the stock of Summer Flounder in
Chesapeake Bay. An intern conducted a time series
analysis of summer flounder catches and relevant
environmental variables.

Note: A sixth project type (writing-based internship) is not included in the table, as no interns conducted this type of project within our 2020 virtual internship
program.
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be valuable for interns who are interested in learning
new statistical techniques or improving their data analy-
sis and/or coding skills.

Write a manuscript

Interns can focus on writing through the development of
either a perspectives piece or a literature review on a
topic of interest for a peer-reviewed journal. This type of
internship may be particularly useful for more advanced
interns who have either previously completed an intern-
ship on a similar topic or with an in-depth understanding
of the topic through coursework. These projects would be
most valuable for interns later in their career seeking to
improve their writing skills and understanding of the
peer-reviewed process.
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Positive
Mentoring
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RECOMMENDATIONS FOR
CONDUCTING VIRTUAL
INTERNSHIPS

As the ability to conduct work virtually and collaborate
globally becomes increasingly feasible, so does the dis-
cussion around how to effectively work virtually. Most
of the discussion about virtual work in STEM fields has
been focused around creating productive environments
for individuals and collaborations (Frassl et al., 2018;
Frater & Sullivan, 2018), with increasing attention to
how to virtually mentor postdocs and early career
researchers (Burgio et al., 2020; Kumar & Coe, 2017;
Nash, 2021; Payne, 2018). Here, we build on Burgio
et al.’s (2020) 10 recommendations for remote postdocs
to develop 10 recommendations for conducting success-
ful virtual internships (Figure 2).

sl 10 Recommendations

S
DAY
N

| for Virtual Internships

Create clear
expectations
for all s
participants Create a
e virtual work

environment
Develop a

plan in
advance
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virtual
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Create in-
person
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FIGURE 2 Ten recommendations for conducting a successful virtual internship program. First, the goals and needs of all participants
must be identified. Second, clear expectations and a plan of action should be developed and communicated to all participants, leading to the
creation of a shared virtual work environment. The virtual work environment should provide a platform for activities such as virtual
community-building activities and virtual training, while allowing space for off-screen activities to avoid screen burnout and in-person
opportunities when possible. All of these steps require intentional mentoring and together serve to normalize the virtual internship

experience
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Understand everyone’s goals and needs

A critical first step in designing a successful virtual
internship experience is understanding the goals and
needs of the intern. This is best done through virtual dis-
cussions with the intern prior to the start of their intern-
ship, ideally occurring as part of the selection process.
This involves discussing whether the intern requires or
prefers a virtual internship in order to participate in the
program. Importantly, advisors should also go into the
experience with a firm understanding of their own needs
and what kind of experience they can feasibly provide.
Advisors should inventory existing research questions,
projects, data, and supplies in their lab. This will high-
light opportunities that pair well with intern goals, while
also contributing to their larger research program. As
with any internship, advisors should also consider the
time commitment involved in a virtual program (particu-
larly when the program is first being developed) and how
best to incorporate this commitment given their other
responsibilities. Although virtual interns are not physi-
cally present at the host institution, that does not mean
that virtual internships require less time or investment
on the part of advisors (DiBiase, 2000). By matching the
needs of the interns with what can feasibly be offered by
the advisors, a more fulfilling experience can be created
for all participants. For example, laboratories that can
offer supplies for conducting a backyard experiment
(Box 1) would be well matched with students who seek
to gain experience in experimental design, setup, and
maintenance. Similarly, laboratories that can offer an
existing dataset for analysis (Box 1) would be well mat-
ched with students who seek to improve their analytical
skills. Finding students whose goals pair well with what
the laboratory can offer will not only lead to the best vir-
tual experience, but will also go the furthest toward
advancing the student’s career aspirations by training
them in the technical skills they aim to develop. Once
advisors and interns have discussed their goals and
needs, the advisor can develop and share expectations for
the virtual internship.

Create clear expectations for all
participants

Having clearly defined expectations for all individuals
participating in the virtual internship is imperative.
These individuals include the laboratory’s principal
investigator(s), additional advisor(s) such as postdoctoral
fellows or graduate students, and the interns. These
expectations should be comprehensive. The advisor
should clearly state the research expectations and

deliverables for the intern project. In addition, the advi-
sor should be clear about the following: (1) the number
of hours the intern is expected to work; (2) the frequency
of formal advisor-intern check-ins (e.g., weekly); (3) the
times that both the intern and advisor are available for
quick consultations (e.g., working hours only or additional
times outside of working hours); (4) the preferred commu-
nication platforms (e.g., virtual meeting, phone call, text,
email, and chat); and (5) departmental or institutional
resources available to the intern (e.g., accessibility services,
conflict resolution, and reporting misconduct). The expec-
tations should also note what the intern can expect from
the advisor, such as their standard working hours and con-
tact information. We strongly recommend that these
expectations be written out clearly and concisely, and
saved in a central location accessible by the intern and
advisors for the duration of the internship. This is often
done through an internship or professional training agree-
ment (Zimeri, 2015). Finally, these expectations should be
discussed at the very first meeting between the advisor
and intern, and modified as needed to ensure the needs of
both parties are met. Creating and discussing expectations
at the start of the internship creates a clear path forward
and provides the baseline for a positive workspace.

Develop a clear plan for virtual projects in
advance

Based on the agreed upon project and expectations, advi-
sors should develop a clear project plan prior to the start
of the internship. Importantly, a schedule of project dead-
lines should be developed with the interns at the begin-
ning of the internship. For example, when should an
intern be expected to settle on a research question? Deter-
mined the methods they will employ? Have finished data
collection and/or analysis? Will the interns be required to
give a final presentation or write up a report, and if so
when would the advisor expect to see a first draft? The
schedule of broader program events and trainings should
be factored into the project timeline to ensure that the
interns have the proper support to meet their scheduled
deadlines. Advisors should also consider their own sched-
ules, and the time commitment they are making to assist
the intern in achieving their goals and deadlines, such as
packaging and mailing supplies, training interns in vari-
ous tasks, or reviewing practice presentations or draft
reports. Furthermore, advisors should also be aware of
broader institutional requirements of the virtual intern-
ships, such as various bureaucratic steps necessary to
properly fund virtual internships or ensure supplies can
be shipped to the interns’ homes. Once the advisors and
interns have developed a clear plan for the virtual project,
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advisors can focus on mentoring and producing a worth-
while experience for the interns.

Ensure a positive mentoring experience

Mentoring is perhaps the most critical aspect of all
internship programs. Students rely on their advisors to
mentor them through the process of conducting indepen-
dent research and navigating the professional culture of
science. Strong, positive mentorship is increasingly
important in a virtual setting as mentorship yields a
greater number of learning opportunities and develop-
ment gains for interns, particularly in relation to commu-
nication, teamwork, scientific ethics, and problem-
solving (Jeske & Linehan, 2020). Although mentoring
needs differ among individuals, successful mentor-
mentee relationships are based on respect and trust. In-
person, these relationships can be built through regular
meetings, open-door policies, casual conversations, and
working together to design and complete independent
research projects. Moving virtual, advisors must be more
intentional in building mentoring relationships with their
interns. Advisors should not only clearly communicate
goals, expectations, and deadlines to interns, but they
should also conduct themselves in a reliable and trust-
worthy manner. As there is an inherent power dynamic
in mentor-mentee relationships, mentors set the tone for
how the relationship will evolve through the virtual
internship. Advisors should promote an open and
friendly research environment by providing clear expla-
nations of the scientific process, giving context to tasks
that would normally be observed in person, and encour-
aging comments and questions from the intern. These
conversations might feel forced early on but can become
more natural through regular and frequent meetings,
particularly early in the internship. Advisors should also
promote their accessibility to their interns to address any
questions that arise. Early on, advisors may want to
schedule frequent meetings (e.g., daily) to check-in with
interns, while the intern learns an advisor’s working and
communication style. By building a strong bond early,
the mentoring relationship can extend well beyond the
course of the internship and provide lasting benefit to
both the intern and the advisor.

Create a virtual work environment

A critical component of defining expectations and
developing a project plan (see Recommendations 2 and
3) is establishing methods of access and availability
across all parties in a way that both provide the

required accessibility while simultaneously setting the
necessary boundaries for workplace relationships.
Developing a virtual work environment takes upfront
effort and organization, but once established can pro-
mote productivity and collaborations beyond the virtual
internship period, as is critical for establishing a sense
of community (see Recommendation 6). A virtual work
environment can be created through the variety of vir-
tual platforms now available, including virtual meeting
spaces, cloud document sharing and storage, and mes-
saging applications (Rillig et al., 2020). Different plat-
forms offer different services, and those services are
rapidly improving; advisor or internship program direc-
tors should be mindful of this changing landscape and
choose platforms that meet their needs and comple-
ment one another. Within the virtual work environ-
ment, advisors, interns, and collaborators can share
important documents, create schedules, and meet virtu-
ally. Virtual work environments differ substantially
from in-person in that both advisors and interns may
miss out on physical cues from one another, like notic-
ing when people are available or how projects are pro-
gressing. Thus, a critical part of the virtual work
environment is keeping lines of communication open
and intentionally discussing potential challenges and
important considerations that may be self-evident or
easily addressed during in-person internships. Within
the virtual work environment, it is important for advi-
sors to follow the protocols established in their expecta-
tions to build the reliability and trust required for
successful mentoring (Recommendations 2 and 3).
Developing organized and functional work environ-
ments is not only important for the intern’s success, but
also important for facilitating a virtual community for
interns.

Develop a virtual community

Communities form the backbone of scientific endeavors
and are another critical component of research-based
internships. Many relationships make up communities,
such as between peers or collaborators. Overall, a healthy
research community can create a positive work and
learning environment for interns by promoting motiva-
tion, accountability, and collaboration, while simulta-
neously decreasing isolation, loneliness, and academic
struggles (Rillig et al., 2020). In a European study about
students’ perceptions of virtual internships, students
identified clear, regular communications as an important
factor in maintaining a positive and productive virtual
internship and lack of social interactions as a possible
disadvantage to in-person opportunities (Medeiros
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et al., 2015). While building a virtual sense of community
can be more difficult initially, social ties formed through
virtual experiences have been shown to be more lasting
in some instances (Francescato et al., 2007; Miltiadou &
Yu, 2000). To promote peer-to-peer relationships, advi-
sors may design opportunities for interns to work
together on research projects while answering indepen-
dent questions, either within or across laboratory groups.
For example, interns may work with an advisor to
develop a shared experimental design that can be used to
answer multiple research questions. Alternatively,
interns may work together to develop science communi-
cation materials related to their independent projects or
major laboratory themes. Additionally, institutional or
departmental internship programs may create opportuni-
ties for peers to work together to achieve learning out-
comes, such as collaborative short courses or projects
(Litchfield et al., 2010). Advisors may also encourage stu-
dents to reach out to other laboratory members to answer
questions that align with their interests and research pro-
jects. These opportunities provide the following two ben-
efits: (1) they provide a line of communication to
additional persons the intern can approach if their advi-
sor is unavailable, and (2) they expand the intern’s scien-
tific network. Regularly scheduled virtual laboratory
meetings also go a long way toward fostering a sense of
community within the laboratory group, by allowing for
more informal conversations while exposing interns to
research topics and scientific approaches that extend
beyond their specific project. Timing and topics of these
meetings may vary, but the goals and timing should be
communicated and agreed upon early on (see Recom-
mendations 2 and 3). To encourage relationships among
students and other principal investigators within a
department or institution, internship programs could
develop a seminar series that includes short presentations
or panel discussions from different laboratory groups.
Furthermore, a benefit of a virtual community is that it is
not restricted to one host institution. Advisors and intern-
ship program directors can develop programs that
include virtual speakers at different institutions—such as
intern alumni, distant collaborators, or research
specialists—or that span internship programs across mul-
tiple institutions. Across all these types of interactions, if
there are a mix of in-person and virtual interns, those in-
person may be encouraged or required to take part in vir-
tual events to prevent a sense of isolation or exclusion
among the virtual participants. Finally, a sense of com-
munity can be further encouraged by scheduling time for
unstructured, casual conversation either into existing
meetings (e.g., extended hellos at the start of a meeting)
or as separate events (e.g., virtual lunch or coffee hours).
Unstructured conversation can be facilitated using

icebreaker questions or discussing hobbies or activities
that interns are involved in outside of their internship.
Advisors should also participate in these activities where
relevant to further build trust and community. Overall,
while developing a virtual community requires inten-
tional effort and may take more time to develop com-
pared to in-person opportunities, it provides many
benefits for all participants in the program, including
relationships that can last longer than those developed
in-person (Francescato et al., 2007; Miltiadou &
Yu, 2000). Thus, a virtual community should be fostered
at every opportunity.

Provide virtual training

As with traditional in-person internships, a primary goal
of virtual internships is training and skill development.
However, many of the spontaneous, informal training
opportunities that occur during in-person internships
require intentional effort and planning to provide virtual
interns with the necessary experiences to develop skills
related to their projects and interests. These opportunities
may include virtual demonstrations of the techniques that
interns need to complete their projects, an organized read-
ing group to discuss scientific theory and demonstrate
how to read literature, or scenario simulations (Rock
et al., 2016). For project-specific training, advisors should
consider the best methods to provide interns with the
learning experiences necessary to develop and master a
given skill (e.g., one-on-one virtual meeting, prerecorded
materials, and written protocols). Additionally, profes-
sional development training, such as science communica-
tion or CV/resume building, may be incorporated into
laboratory meetings or cohort training at the program
level. These broader professional development trainings
can serve the dual purpose of developing intern skills,
while also nurturing a sense of community (see Recom-
mendation 6). Additionally, maximizing the number of
trainings that occur within virtual work environments can
further enhance opportunities for in-person and virtual
interns to interact and build relationships.

Avoid screen burnout

Repeating any task for hours on end can lead to physical
and emotional fatigue, and this is particularly true for
screen time. Interns should be encouraged to step away
from the screen frequently to participate in non-screen-
related research, educational, or training activities where
possible. For interns whose virtual experiences focus on
hands-on activities, such as backyard experiments or at-
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home processing of physical samples (Table 1), avoiding
screen burnout should be relatively straightforward.
However, nonscreen activities can be incorporated as a
side project into even screen-heavy virtual experiences.
For example, interns whose primary research project
involves analyzing plant or animal data might be encour-
aged to take walks around their neighborhood or in local
natural areas to record species observations on apps such
as iNaturalist or eBird. These interns would not only ben-
efit from time away from the computer, but would also
be contributing to valuable global databases that are used
in scientific research. At a minimum, scheduled stretch

TABLE 2

Possible internship pitfalls and

limitations Internship format

An intern may not be able to travel
for their internship for personal
reasons (e.g., family obligations,
medical needs)

In-person

An intern’s financial situation may Both
require them to maintain a job

during the internship.

An intern may struggle to find a quiet Virtual
place within their home to focus

on work.

An intern’s home life may require Both
them to work outside of regular

business hours.

An intern may not have the Virtual
appropriate technology (e.g.,

reliable Internet access, computer,

webcam) to allow for virtual work

or meetings.

An intern’s motivation may wane Virtual

while working from home

An intern may lose sight of work-life Both

balance and work too many hours.

The intern or advisor may find the Both
internship format (virtual or in-

person) is not working out.

breaks should be incorporated into any screen time, and
the laboratory culture should encourage these breaks for
all members.

Create in-person opportunities when
possible

The value of virtual internship experiences can be
enhanced by supplementing with in-person opportunities
when possible. This could take the form of one to several
days of in-person activities at the advisor’s field site or

Possible pitfalls and limitations to virtual internships and potential solutions for avoiding or alleviating each example

Potential solutions

A virtual internship may be an excellent solution to provide
an opportunity for an intern who cannot participate in
person.

Provide a living wage for all interns, whether virtual or in-
person. Housing costs should be allocated within budgets
for intern. On-site housing costs may possibly be
reallocated to support rent for virtual interns.

Help the intern identify local options that would promote
quiet work, such as a library or shared workspace, or
provide noise-canceling headphones if allowed within the
scope of your budget.

Be flexible to allow the intern to work during hours
conducive to their schedule, while also ensuring that
meetings with laboratory members and other interns still
occur. A virtual internship may be particularly conducive
for an intern who needs to work outside of regular
business hours.

While working within the limitations of your funding, these
technologies can be provided to the intern in place of
travel costs.

Schedule frequent check-ins and mini-deadlines to ensure
tasks are being completed in a timely manner and to
remotivate the intern through informal science
discussion.

Remind the intern to take frequent breaks and help them set
up a routine that avoids pulling all-nighters. Additionally,
encourage interns to speak up if initial deadlines turn out
to be too ambitious, and adjust expectations accordingly.

Within written expectations, list allies and protocols for safe
conflict resolution within the internship program,
department, and/or institution.

Offer flexibility, allowing an intern to switch advisors/
laboratories or develop a co-advisor agreement.

Find a way to switch formats if possible, or offer an exit ramp
if necessary.
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laboratory during the course of a primarily virtual intern-
ship, or allowing on-site access for field or laboratory
experiences after the end of the formal internship period.
Alternatively, interns or advisors may identify opportuni-
ties in the intern’s local area to gain field or laboratory
skills using the same or similar methods to those used to
collect data for the internship, adding important context
that enriches the experience. Scientific conferences may
also provide venues for in-person interaction between
advisors and interns during the virtual internships or
soon thereafter. This could include opportunities local to
the intern that the advisor travels to attend, or both the
advisor and intern may travel to the same conference in
another location. Conference experiences can be espe-
cially beneficial for interns who have the opportunity to
present their independent research project for a broad
scientific audience. Conference travel opportunities are
an important component of many internship programs,
such as NSF REUs and USDA REEUs, and funding for
conference attendance may also be available from
research grants, scientific societies, universities, or other
sources. Providing in-person  opportunities can
strengthen the mentoring relationship, broaden the
intern’s scientific community, and provide additional
training opportunities.

Normalize the virtual experience

Our positive experiences this year suggest that virtual
internships can be normalized as a regular component of
ecology internship programs. We are not suggesting that
in-person experiences be replaced, rather that virtual expe-
riences can increase flexibility and opportunity in intern-
ship programs. This could be done by offering a certain
number or percentage of opportunities as virtual positions
or even by offering virtual-only opportunities. Hybrid pro-
grams with some in-person and some virtual opportunities
may need to pay special attention to creating community-
building activities to connect in-person and virtual mentees
(see Recommendation 7) and providing equitable access to
resources (Resnik, 2005). When virtual internships are pos-
sible, these opportunities should be highlighted in tradi-
tional program advertisements, websites, social media, and
other materials. Normalizing virtual opportunities may
allow for creative new avenues for the engagement of
underrepresented groups in ecology.

PITFALLS AND LIMITATIONS

As with any research or educational activity, those wish-
ing to establish a virtual internship program for their lab,

department, or institution should carefully consider the
potential pitfalls and limitations. Virtual internship expe-
riences are not immune to many of the same pitfalls and
limitations of in-person internships. Conversely, virtual
internships can provide useful solutions to the pitfalls
and limitations of in-person internships. With careful
planning and consideration of the above recommenda-
tions, many of these issues can be addressed within the
scope of the internship program for both internship
types. However, some may be unavoidable, and should
be acknowledged and discussed with the intern at the
start of the program and revisited as needed. Some possi-
ble pitfalls and limitations to consider, as well as poten-
tial solutions, are outlined in Table 2.

CONCLUSION

Internships in 2020 were heavily impacted by the
COVID-19 pandemic; however, programs that adapted by
offering virtual internships were able to conduct success-
ful programs that supported interns as they gained expe-
rience with the scientific process and acquired important
technical, networking, and values-based skills for their
career. At SERC, interns were able to work on a variety
of research projects virtually, many of which provided
experience with aspects of scientific research that fre-
quently receive less attention during in-person experi-
ences (e.g., data management and analysis, data
synthesis, and remote collaboration). From our collective
experiences, we learned more about the types of projects
that can be conducted, ways to successfully advise and
mentor, and common pitfalls of virtual internships.
Although the transition from in-person to virtual formats
requires forethought and hard work, it paves the way to
successfully conduct virtual internships with a workload
and benefits similar to the current in-person format in
future (DiBiase, 2000). While our success with a virtual
internship program supports the idea that these intern-
ships can equally achieve the broad goals of in-person
STEM internships, virtual internships are inherently dif-
ferent from in-person opportunities. As a result, virtual
or hybrid internship opportunities cannot and should
not replace in-person opportunities or projects.
Researchers and interns considering or planning to pur-
sue virtual opportunities in future need to honestly
assess their specific goals, needs, and capabilities (see
Recommendation 1). We provide an overview of virtual
project types and common pitfalls and limitations with
examples. Given the breadth of existing internship pro-
grams and opportunities, these should be viewed as
guidelines to help determine when virtual or hybrid
opportunities are appropriate.
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The success of virtual internship programs highlights
the capacity to offer virtual or hybrid in-person/virtual
internships in future to create more opportunities for expe-
rience in ecology and other STEM fields. Future virtual or
hybrid internships can also be developed to promote inter-
disciplinary training and collaboration between fields and
institutions. Continuing to offer virtual internships in future
increases not only the types of projects and experiences that
are possible, but also the accessibility of internships to stu-
dents. Virtual internships provide the flexibility to accom-
modate and be more inclusive of the nontraditional life
scenarios many students face. As a result, continuing to
offer virtual experiences will likely increase diversity, equity,
and inclusion in STEM. However, more pedagogical
research is needed to understand the more nuanced aspects
of virtual and hybrid internships and mentoring in STEM
(Faulconer & Gruss, 2018; Faulconer et al., 2020).

An important aspect of continuing to offer virtual
internships not well addressed here is the bureaucratic
changes that are needed to support virtual and hybrid
programs. To make virtual internships available in
future, internship programs, institutions, and funding
sources need to continue to permit the flexibility that was
granted during the COVID-19 pandemic. For example,
funds intended for travel could be reallocated to intern-
ship extensions or providing interns with the necessary
technology. We hope that researchers, administrators,
and funders recognize the potential value in supporting
virtual or hybrid programs to promote diversity, equity,
and inclusion in science and create the necessary changes
to support these experiences.
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