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In the summer of 2020, due to COVID-19, institutions either canceled or remotely hosted their research
experience for undergraduates (REU) programs. We carried out a 16-week longitudinal study examining
the impact of these fully remote research experiences on mentees’ psychosocial gains (e.g., identity). We
studied the phenomenon of a remote research experience from the standpoint of the mentees (N = 10) and
their mentors (N = 8), who were each interviewed seven and three times, respectively (94 total interviews).
All mentees reported that this experience was highly beneficial through different factors such as other
recognition and self-recognition, which led to their development of a sense of belonging, self-efficacy, and
identity despite working remotely. Then, we synthesize these results with prior literature and develop a
framework showing how different experiences and constructs affect the physics and researcher identity
development. Gaining a greater understanding regarding factors leading to the growth of psychosocial
gains may help REU coordinators and REU mentors to redesign their undergraduate research program and

provide the support that their mentees’ need to have a positive undergraduate research experience.
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I. INTRODUCTION

Undergraduate research is an important experience that
affects student education and career development [1-5].
Across many studies, undergraduate research programs that
include in-person interactions between the research mentor
and mentee, access to physical equipment, and supportive
lab environments have been documented as beneficial
[5=7]. Substantial prior research has examined the influ-
ence of in-person undergraduate research experiences
(UREs) on promoting outcomes, such as retention [8—18],
and persistence [19-22] in science, technology, engineer-
ing, and mathematics (STEM) career pathways. For in-
stance, Bauer and Bennett [13] contend that undergraduate
research may help mentees clarify future career goals and
are more likely to attend graduate school.

Beyond the benefits of undergraduate research programs
to help students to clarify career goals [15,17,18], facilitate
their research-based skill development [8,15,23,24], learn a
wide variety of content knowledge [23,25], and improve
their critical thinking skills [26], these research programs
can also help students to enhance psychosocial gains, such
as increased self-confidence [15,17,18,27], communication
skills [17,23], identity [28-30], and sense of belonging
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(SOB) to their research community [28,31-33]. For in-
stance, Seymour et al. conducted interviews with students
at the end of one undergraduate research program to
understand the benefits of engaging in research [18].
Based on their report, almost all students gained more
confidence in doing research and presenting their work.
These students also reported greater gains in career-related
decisions and understanding the research process. The
primary purpose of the U.S. National Science Foundation
(NSF) Research Experience for Undergraduates (REU)
program is to immerse students in a research environment
and prepare them for future careers in research [34]. Each
REU site recruits 10-16 diverse U.S. scholars from across
the country for 8-10 weeks of residential research oppor-
tunities each summer. Students become members of a
research group and learn a variety of practical, academic,
and professional skills. Additionally, they may attend
research seminars, professional development workshops,
and social events organized for REU students.

There are several limitations in existing studies of
undergraduate research experiences. For instance, these
studies are mostly derived from a combination of self-
reported surveys, one single follow-up survey, end-of-
program formal evaluation [8,14,28,35], and multiple
interviews [17,18]. Hunter ef al. [17] and Seymour et al.
[18], both collected data through in-depth interviews 3
times over the 3 years of the study (summer 2000, before
their graduation in spring 2001, and a third time as
graduates in 2003-2004). In addition, they interviewed
faculty advisors once in the summer of 2000. In Seymour
et al.’s work, students commented on a checklist of possible
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benefits derived from the previous literature as part of their
protocol. Additionally, while a variety of research studies
have explored the positive benefits of in-person under-
graduate research experiences, very little research has yet
focused on remote research experiences [36]. We tried to
fill a gap in prior research by conducting in-depth longi-
tudinal interviews with both mentors and mentees through-
out the remote REU program and after it finished. The
purpose of this paper is to present mentees’ experience
within the remote REU program that impacts psychosocial
gains, including their SOB, self-efficacy, and physics, and
researcher identity. The research questions that guided our
analysis were

* How did mentees’ psychosocial constructs develop

throughout the remote REU program?

e Which factors impacted those gains?
This study is a part of a larger analysis that identifies and
describes the ways in which resources and communities
mediate learning in a research experience. Future analysis
also will include a detailed comparison between the
benefits of in-person and remote research experiences.

II. PSYCHOSOCIAL GAINS

Some literature identifies that in-person undergraduate
research experiences positively affect students’ psychoso-
cial gains such as sense of belonging [37-39], self-efficacy
[29,40], and identity [29,37,41,42]. The following section
describes some studies on these three constructs that we
explored in our interviews to understand how previous
literature has framed them.

A. Sense of belonging

The literature on SOB contains two key aspects that
influence students’ SOB. First, some literature identifies
the students’ perception of social acceptance (other recog-
nition), which refers to the feeling of connectedness, being
accepted, cared for, and valued within different contexts
(e.g., peers, professors, and community of scientists)
[43-46]. Thomas and Galambos’s study revealed that
having a supportive environment is necessary for positive
student outcomes [47]. Their study revealed that high-
quality interactions between students and professors can
create greater overall satisfaction contributing to more
SOB, which is then related to other outcomes such as
retention. One element of high-quality interactions is
validation (or recognition) by faculty and others in the
campus community, which results in feelings of greater
integration into the community and an increased likelihood
of staying in college [48-50].

Although some studies has been focused on students’
feeling of belonging to various academic contexts and its
relationship to academic achievement (retention within the
education system) [31,44,47,51-53], other studies have
been focused on students’ SOB through self-recognition

(e.g., personal traits, self-worth) [43,54-56]. This self-
recognition aspect of SOB, although less obvious, involves
students’ self-perception around their beliefs and emotions
and the expectancy of success within a context, which
could lead them to greater academic satisfaction (self-
recognition). The SOB in college contexts is often referred
to as a dynamic construct, which can change over time.
However, many studies focus on a growth in students’
“general SOB” and their overall college experiences
[25,57-59]. For instance, Hurtado and Ponjuan [58] col-
lected two sets of longitudinal data from students in ethnic
minority groups on nine college campuses to understand
the general college experience (e.g., experiencing discrimi-
nation) as a predictor of students’ SOB.

In times such as summer 2020 where the whole world
was in a state of lockdown, many students were isolated
in their own homes and experienced the REU program
remotely. Thus, a feeling of belonging may have been a
particularly challenging outcome for those who were doing
research in a remote format. Part of the present study was
designed to explain how REU participants’ SOB to multi-
space research contexts (e.g., REU lab group, researcher
community) would change while there was no in-person
contact with the other community members.

B. Self-efficacy

Bandura’s social cognitive theory [60,61] asserts that
self-efficacy is a set of beliefs about an individual’s own
capacity that impact an individual’s choices and the effort
that they put forth to complete a task and accomplish goals.
He argued that self-efficacy is influenced by different
factors, such as personal performance experiences, vicari-
ous experiences, social persuasion, and physiological and
affective states. To gain a better understanding of students’
self-efficacy, a considerable number of studies have inves-
tigated students’ beliefs in their own ability to succeed
[62—-65] and the role of higher self-efficacy in regarding
future career choices [66-76]. Self-efficacy is a dynamic
cognitive process that is likely to change and develop
during skill development opportunities [62—-64]. A broad
range of benefits stemming from undergraduate research
including boosting self-efficacy [6,23,77,78] which support
mentees’ self-motivation to believe that they can do
research. Part of the present study was designed to observe
changes in self-efficacy as a result of this remote REU
program.

C. Identity

Identity and SOB can be seen as part of the same
psychosocial concepts’ family. Gee [79] defines identity as
the self-recognition of being a certain “kind of person”
within the specific context. SOB, on the other hand, means
to feel a sense of acceptance to someone or something such
as a particular context [43—45]. Identity is context specific
(e.g., a disciplinary identity). For instance, science identity
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is how students may perceive themselves in science-
specific context [80-82] (e.g.,“l am a science person”
adapted from Hazari et al. [83]). Carlone and Johnson
developed a grounded model for science identity, which
includes three interrelated dimensions: Competence, per-
formance, and recognition [84]. Their model assumes that
one’s science identity is influenced by one’s other identities
(e.g., gender, racial, and ethnic). Hazari et al. [83] used
Carlone and Johnson’s framework [84] on science identity
in order to develop a discipline-specific framework for
physics identity. Their framework is composed of four
fundamental constructs: performance, perceptions of com-
petency, perceptions of others, and interest, all of which
influence a physics identity. However, Carlone and
Johnson’s framework, which omits interest, was based
on research with women scientists who already had a prior
interest in science careers.

A number of studies using survey and interview data
found that students who experienced undergraduate
research programs were more likely to feel stronger
disciplinary identity (e.g., a member of the STEM com-
munity and a researcher) and to persist in STEM fields
[11,83,85-91]. For this reason, we sought to identify
mentees’ experiences that may impact the development
of their physics and researcher identity during the remote
REU program.

III. METHODS AND CONTEXT

We emailed the coordinators of 64 physics REU pro-
grams and asked if their REU would be taking place in a
remote format in summer 2020. Our respondents provided
us with 3 varieties of answers; N = 8 hosted a remote REU,
N = 18 were canceled, and N = 38 provided no response
and the status of their REU program was unclear from their
website. To recruit students, we sent an email to the REU
coordinator to forward to their REU students through their
program, and then after students volunteered to participate
in this study, we sent an email to their paired mentors. We
conducted interviews with paired participants; mentees
(N =10) and mentors (N = 8) from six different REU
programs. Approval of the study through our institutional
Human Subjects Research Office was granted before
recruitment and data collection began. The consent form
that all participants signed included information about the
study’s purposes and requested permission for recording
the online interviews. All the participants were given the
right to terminate their participation at any point.
Participation incentives were offered in the form of $20
gift cards for each interview that were sent weekly. Our
sample of mentees was gender and ethnically diverse. Over
half 60% (N = 6) of mentees were men, and 40% (N = 4)
were women. The population of mentees discussed here
was 50% (N = 5) white, 30% (N = 3) Asian, and 20%
(N = 2) identified as two-or-more races or ethnic groups.
Two mentees were not U.S. citizens and were supported

TABLE I. Mentees’ demographics (N = 10).

Categories N =10

Gender Women 4
Men 6
White 5

Race or ethnicity Asian 3

Year of college More than one 2

Rising senior 7
Rising junior 2
Rising sophomore 1
Doctoral universities 4

Type of home institution Master’s colleges and 2
universities
Baccalaureate colleges 4

financially by sources other than the REU program. Table I
summarizes the mentees demographics characteristics and
Table II briefly outlines their projects. All mentees were
physics majors, and many had double majors that showed
their broad range of interests, such as Spanish, music,
computer science, and math.

All the mentors were men (N = 8). They were professors
at diverse institutions, including 75% (N = 6) from insti-
tutions granting Doctoral degrees and 25% (N = 2) from
institutions granting Bachelor’s degrees. There was only
one paired mentor who was a woman and she did not
respond to the invitation to participate in this study. The
lack of women mentors in our small sample may be due to
the fact that only about 20% of U.S physics faculty are
women. However, another contributor could have been the
COVID-19 pandemic, which impacted every aspect of life
and added many challenges, particularly for women who
traditionally have taken on more caregiving responsibilities
on top of their work responsibilities. To explore the
participants’ perspectives in-depth, mentees were individu-
ally interviewed at six points throughout the REU program
and one time after it finished (interview nine), and mentors
were interviewed two times during the REU program and
once after it finished (interview ten). Figure 1 shows the
main topics of the interviews for each week (see the
Supplemental Material [92] for all ten interview protocols).
We used a semistructured interview format [93-95], relying
on the set of planned questions that revolved around the
research experience. We video recorded all interviews via
Zoom with the permission of interviewees. Mentor inter-
views took between 30 and 45 min, while mentee inter-
views took between 60 and 90 min. Overall, 94 interviews
were conducted over summer 2020.

Each interview was recorded and autotranscribed within
Zoom. After all of the interviews were completed, we
corrected the automated transcription errors and the refor-
matted transcripts became the focus of our phenomeno-
graphic analysis [93]. Analysis of the transcripts was
executed using Dedoose software [96]. We began the data
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TABLE II. Projects’ characteristics.

Name Attribute

Description of project

Andrew Simulation

Characterize the efficiency of a detector, learn about details of nuclear reactions

simulations, and refine them

Computational and experimental Numerically model quantum optical devices, learn PyBoard coding, construct a circuit with
Look at the atomic structure and different spectra to make a model for electrical
Make a basic resonator model to learn the modeling program and then make an acoustic

Began physics education research and transitioned to a second project building a

3D-printed particle trap using parts that shipped to her home to make circuits

Use models in high-energy physics to predict the probability of decay modes in collisions
Learn density functional theory, model certain molecules, and look at the dynamics of the

Simulate the decay processes of short lived isotopes
Learn about CMS and LHC and use simulations and experimental data to refine the codes

for detection of the charged particles in a large collider experiment

Bruce
equipment that was shipped to his home
Caleb  Computational
conductivity and glass transition temperature
David  Simulation
model of a reed instrument
Emma Experimental
Freida  Computational
Grace  Simulation
system
Helen  Simulation
Ivan Simulation
Joshua Computational

Learn neutron mirror model and add new equations into the old code to solve problems

related to nuclear physics

analysis process by reading and carefully re-reading each
transcript to become familiar with the data. Once we
immersed ourselves in the data, we broke down the
transcripts according to our research questions. We then
looked at the different sections of the transcripts and
created the initial major categories around three psycho-
social constructs (e.g., SOB, self-efficacy, and identity).
The initial major categories for each construct mostly came
from our interview protocol, while subcategories emerged
from the participants’ narratives to identify variation in the
statements about the mentees’ psychosocial gains. In our
data analysis, we focused on growth during the REU
program. We grouped mentees’ responses into different
levels based on their wording and the context of the quotes

Thoughts and goals, factors Moving
that might guide mentees’ research doing research, evaluating
future career decisions lab online mentees’ progress

Jun 1-6, 2020 Jun 15-19, 2020 Jun 29-Jul3, 2020

T

2 5

|

Jun 8-12, 2020 Jun 22-26, 2020

Establishing a mentor-mentee Learning experiences,
relationship, describing approaching research in
their group dynamic an online environment

Start of REU
program
. Mentee (70 interviews total)

FIG. 1.

Social practices of science by Challenges during REU

Jul 6-10, 2020

Impact of REU
experiences on mentees’
psychosocial gains

(e.g., lower level). Part of this process includes the
development of Figs. 2—4 on each construct and then
Fig. 5, which consolidates all the constructs together.
Overall, a total of 1397 segments were coded, including
mentees’ quotes around SOB (N = 46), self-efficacy
(N = 32), and identity (N = 76), and many additional
indirect references to those same constructs.

IV. RESULTS

This section presents the findings that emerged related to
developing an understanding of mentees’ psychosocial
gains. Each section focuses on a specific psychosocial
construct, beginning with a sense of belonging.

Outcomes of the remote experience,
understanding impact of REU on
mentees’ future career paths

Sep 14-24, 2020

program, learning
experiences

Jul 13-17, 2020

10—

l

Jul 20-31, 2020 Sep 22-28, 2020

Evaluate mentees’
growth from
mentors’ view

Factors that impact
mentees’ career decision
making and their interests

End of REU
program

Mentor (24 interviews total)

Overview of interview study design and protocol content.
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A. Sense of belonging

Gains in the SOB construct describe growth in mentees’
feelings of acceptance by their research group, distinct from
feelings of acceptance by the broader scientific community
or research community. We asked questions around ment-
ees’ SOB several times throughout the REU program.
Figure 2 shows the process of growth in mentees’ SOB as a
function of time. We use a gradient scheme with lighter
shades representing a lower-level of SOB in the bottom
rows of the figure and darker shades indicating a higher-
level of SOB. The text in the boxes are paraphrases of
mentees’ quotes.

Our analysis revealed that one way that mentees’
experienced a SOB was by having “‘communication and
social interactions” with other members of their lab
community and other REU students (Fig. 2, left side).
During interviews three and four, some mentees felt
connected and valued because their mentors provided a
welcoming and supportive group environment. Grace, who
worked with two other REU students and had a couple of
weekly meetings with her mentor and other lab members,
said, “Everyone is very success- oriented. They want to
know how you’re doing. They want to know where you are
in your work. They ask personal questions too; How are
you? What have you done today? Are you guys active?
Like making sure you’re okay to feel like it’s a very
welcoming community.”

Some other mentees expressed a higher-level of SOB
during interviews three and four. David said, “I feel like a
part of the group. My mentor does a good job of making
sure everyone feels included in each of the meetings.” He
felt accepted and welcomed from his research lab com-
munity. Andrew commented, “We have been engaging
more in communication like Slack and stuff. I didn’t really
feel that way at the beginning, I felt really detached, but
now that we’re getting more comfortable with what we’re
doing, we are communicating more.” Bruce and Helen did
not feel belonging during week three because of a lack of
community and social interactions. During interview nine,
Andrew expressed high-level SOB, noting that “the sort of
dynamic we had over just discussing things back and forth
throughout the day kind of made me more sociable,
I wasn’t worried about getting on a Zoom call with them
and talking to them and like discussing things and helping
someone if they had like a problem with their code or
something. So I think it advanced me.”

Another way for mentees to feel belonging to their lab
community was through making “scientific contributions”
and recognition for those scientific contributions (Fig. 2,
right side). During interview three, Freida said, “I think I
need to prove to myself that I can do it and belong in this
community. I think that they help just by being there,
by helping me succeed, and by supporting me. Like by
teaching me and I think that something that they do really
well is they don’t like talk down to me. They understand

that I don’t know because I’ve never learned, not because I
can’t learn. And that’s such an important thing for educa-
tion everywhere. I think making me feel like I can do it.”
David felt high-level SOB since “I’m actually contributing
to the group and I understand what’s going on across the
group’s projects.” Interestingly, Helen, who did not feel
belonging in interview three, began feeling like a member
of her research lab and part of the team by interview four.
She said, “Because when my mentor asked me to talk more
about what I was doing for a part of the project at our
research meeting today, it was more valuable, like my
mentor wants me to contribute what I’ve been doing and
inform the group on the process and the progress that we’ve
made in this part of it. Then be able to ask everyone else
questions about what I'm doing too and receive their
feedback.” Again, Bruce did not feel SOB in his research
group. He said, “I don’t really feel like I've [earned?] my
place yet. I think I would have to get some results to be a
winner in my place.” One possible explanation is that he
mentioned feeling imposter syndrome in the first week,
while another explanation is he did not have enough
scientific contribution and did not produce enough results
to feel as though he belonged to his lab group.

During interview nine, which took place after the REU
program finished, almost all mentees reported a higher
level of SOB than they felt at the beginning of the summer.
For instance, David thought his REU experience over the
summer definitely helped him to feel like a part of the
bigger physics community. He said, “Just because I’ve been
able to experience and contribute as well as being able to
look through the work that other people have done in the
field a lot more in-depth. And having done my own little bit
of work in the field helps me to understand better the work
that others have done in it.” He added, “Even now that I'm
not doing that research full time. I feel much more in part of
that than I did back when I was only taking classes before.”
Similarly, Andrew felt stronger SOB, “Because I’m active
in asking questions and trying to answer what I can and
engaging in our discussions.” Freida felt she had more
knowledge about physics and research and felt she had
made a scientific contribution. She said, “I definitely
consider myself part of the physics community. Probably
a lot more than I did at the beginning because now I feel
like I know a lot about it, and I’ve gotten a lot done, and I'm
informed, and I just feel more in it like I’'m more submerged
in it personally. Maybe you could say my physics identity
has gone from amateur to beginner to intermediate now.
I feel like I’'m actually part of the field.” Both Helen and
Bruce felt more belonging after the program finished and
they came back on their campus and began communicating
with friends and professors.

Our findings from analyzing the SOB construct indicate
that SOB grows out of the community and social inter-
actions (e.g., feeling welcomed by the research lab and
having an approachable mentor) and scientific contribution
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Community and Social Interactions

Scientific Contribution

FIG. 2. Process of growth in mentees’ sense of belonging as a function of time. The areas shaded in a lighter color denote the lower-
level of SOB while the areas shaded in a darker color denote the higher level of SOB. The text in the boxes are paraphrases of mentees’

quotes.

(e.g., producing new results, asking questions and getting
more knowledge about physics). Correspondingly, a lack of
these factors results in lower levels of SOB. For some
mentees, lack of in-person communication made this SOB
development slower. For instance, Bruce, who finally
developed a sense of belonging through making scientific
contributions and communication with other lab group
members, still felt there were not enough updates and
check-ins with the REU coordinators and there was little
connection between the REU students. As a result, Bruce’s
SOB existed mostly at the scale of the research lab and not
the larger REU or scientific community.

B. Physics and research related self-efficacy

Mentees were asked about their confidence around doing
research in physics at two points throughout the REU
program (interviews six and nine). Figure 3 briefly illus-
trates changes in mentees’ confidence between interview
six and interview nine. During interview six, we asked

mentees to rate their self-efficacy within their current
project, supposing zero is “not at all confident” and 10
is “very confident” and how they would characterize their
self-efficacy beyond the scope of the REU program. Lower-
level self-efficacy (any score of 7 or less) is associated with
mentees feeling less comfortable achieving all their proj-
ects’ goals and doing research independently. Higher-level
self-efficacy (any score of 8 or higher) is associated with
positive changes in mentees’ ability to do research, produce
a positive project outcome, and feel more comfortable
doing research. Within their current REU project, seven out
of ten mentees felt very confident around achieving their
project’s goals and rated between 8 and 10. For instance,
David said, “I” d say probably an eight or nine. I'm fairly
confident that I’ 1l be able to get at least my goal out of it.
I’'m not 100% sure if we’ll be able to complete every all of
our goals for the research. But we’ve got some interesting
results so far. I feel we’ll be able to extend those results
towards our eventual goal. I think part of the confidence
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Interview 9

Interview 6
Feel more
gty iy confident since
what they are hey’ K
doing t. ey’ve worked
independently
Higher-level of
self-efficacy
Able to .
troubleshoot Set achievable
goals for the
and learn roiect
quickly proj
After three
weeks

Not sure if they
are able to
complete the
goals for their
research

Fairly confident
that they'll be
able to get
something out
of this program

Lower-level of project
self-efficacy

Not sure if they

are able to a

complete the

project by the

time
FIG. 3.

A representation of the growth in mentees’ self-efficacy. The areas shaded in a lighter color denote the lower level of self-

efficacy while the areas shaded in a darker color denote the higher level of self-efficacy. The text in the boxes are paraphrases of mentees’

quotes.

also comes from the fact that there’s not as hard of the
end deadline since it’s remote. I’ 11 have to do the end
presentation at the end of the summer, but if there’s still
work that we want to do, I” 1l be able to keep in
communication with my professor and keep doing the
research.” For David having a scientific contribution and
producing potentially new results for his project contrib-
uted to his self-efficacy. Three other mentees rated their
confidence between 5 and 8. For instance, Andrew believed
he was on the right track to achieve the goals but hadn’t
gotten there yet. He said, “The way I’ve been putting data
and looking at it. I think I’'ve come up with some good
results already. It’s just a matter of buckling down and
doing a one big final trial and getting the final result out of
it, instead of just the smaller trials and sort of seeing a
general trend.” Besides, during the same interview, mentees
talked about their self-efficacy for broader pursuits in doing
research alone after the REU program finished. Six mentees
stated that they felt pretty independent and were able to
direct their project, but they still preferred to work with
other researchers. Helen said, “I feel more confident since
I've worked so independently (due to the remote REU
format) but it’s definitely nice to have a mentor to
direct you.”

During interview nine after the REU program finished,
several mentees noticed improvements in their self-efficacy
as a result of participating in the REU program. There were
no lower-level self-efficacy statements in interview nine.
For David, his confidence stemmed from getting more

physics knowledge and understanding his research group
projects which might impact his future career decisions.
He said, “I was just trying to learn to catch up and to
understand what was going on, whereas after I'd been
doing it for about a month or so, I felt a lot more confident
in what I’ve been able to learn and I had a better under-
standing of what was going on. So I was able to contribute a
lot more... I feel a lot more comfortable than before
because I had a chance to work, even if it’s just for summer
full-time doing physics. Since I enjoyed that, I feel a lot
more confident proceeding with that as a career goal.”
Freida felt the confidence to learn about different sub-fields
outside of her work hours now. Helen said she had the
confidence to do independent research and ‘“What being
part of a larger research group will look like when I'm
thinking about grad school.”

C. Identity as a researcher and a physicist

In this study, belonging is focused on a sense of
connectedness with the lab group, while identity refers
to mentees’ perception of self within the larger physics or
research community beyond their lab group. For most
mentees, developing a stronger physics and researcher
identity followed after a stronger SOB and stronger self-
efficacy. We grouped mentees’ responses around their
physics and researcher identity into three categories (lower
level, midlevel, and higher level). Figure 4 shows the
changes in mentees’ identity as a function of time. We use
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FIG. 4. Process of growth in mentees’ physics and researcher identity as a function of time. The areas shaded in a lighter color denote
the lower level of identity while the areas shaded in a darker color denote the higher level of identity.

different shades of color to represent the various level of
identity (e.g., lighter shades representing lower level
of identity). The text in boxes were paraphrased from
mentees’ quotes.

During the sixth week of interviews, mentees were asked
to describe their physics and researcher identity. Five
mentees expressed a low-level of researcher identity.
They described themselves as a “not very productive
researcher” or said they would feel like a real physicist
“maybe after doing more research.” During interview six,
Joshua did not recognize himself as a researcher as a result
of his research experience. He said, “I have to repeat lots of
things from former researchers.” Interestingly, by the final
interview, his identity had changed to a higher level. He
expressed that not only he felt that he belongs to the physics
community, but also he felt he “was born for doing
research.” He commented, “I think REU has taught me
something about confidence in doing research. I think the
REU has made me think of myself as a physicist.” There
was growing evidence that his relationship with his mentor
(e.g., spoke the same language) impacted how he recog-
nized himself as a physicist.

During interview six, Freida believed that she could be
“a physicist” and that she was “getting there.” She added,
“not because I can’t be a physicist, but because I’'m not
done with my training. I'm like a physics apprentice.” She
felt she had more knowledge about physics and her
research group now. She said, “I am a five. I'm trying to
build my skills, and I believe that someday I will be more,

but right now, I'm still learning.” During interview nine, she
said, “I am much more interested in high energy physics,
like keeping up with news and things. I feel much more
sure that graduate school is what I want to do. I feel more
informed about it and committed kind of to physics.
I definitely consider myself part of the physics community.
Probably a lot more than I did at the beginning. Because,
now I feel I know a lot about it, and I've gotten a lot done,
and I’'m informed and I just feel more in it, like I'm more
submerged in it personally, maybe you could say my
physics identity has gone from an amateur to a beginner,
to intermediate. Now I feel like I'm actually part of the
field.” This example indicates how good REU experiences
form a higher-level of physics identity and researcher
identity. Specifically, we observe that more knowledge
about physics, the research group, and self-recognition
related to a greater sense of being a member of the lab
group and the broader researcher community.

In addition, mentees who reported having good research
performance and competence experienced a higher-level
of physics and researcher identity. For instance, Emma
described how her “comfort level” changed after she saw
the final virtual presentations. She said, “It made me feel a
little bit more confident and outgoing in the world of
physics. Because there’s just kind of this feeling of, well,
we don’t really belong to physics, like I do physics
education stuff and not doing real research, but after this
REU experience,... it made me feel that I do have some-
thing to offer, and I do belong in the physics field.”
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During interview eight, mentees were asked to describe
any changes around their identity as a physicist or as a
researcher. Three mentees said they hadn’t noticed any
changes since the last interview. Four mentees felt a
stronger identity. For instance, comments included, “The
group treated me as a researcher,” “Feel more comfortable
in doing research as a career,” and “See myself more like a
physicist and a researcher.” For additional examples see the
blue parts in Fig. 4. Interestingly, Bruce, who was unsure
about his future career steps during the first weeks of the
REU program, said he thinks his focus has changed since
he moved back to his home institution for fall classes. He
said, “I’m a lot more focused now and I’'m a lot more driven
to do the research. And because of that, I'm actually
looking at different graduate schools now in the process of
applying to them.” It seems high-level identity had a
positive impact on his future career decision making.

D. Mentors’ perspectives on growth

In order to understand each mentee’s growth in light of
their mentor’s perspective, we asked mentors to explain
their mentoring philosophy and how they relate to mentees’
psychosocial constructs.

1. Giving mentees ownership and autonomy

Five out of eight mentors explained that their mentoring
philosophy includes helping mentees increase their sense of
ownership. Interestingly, mentees noted a sense of owner-
ship as a factor that linked to their SOB through scientific
contribution. Quotes included phrases such as, “get some
results” and “feel that what they are doing is important” to
their research group. To achieve the ownership construct,
mentors gave mentees some autonomy and encouraged
them to solve problems in their own ways. One mentor
said, “I think really trying to have them put things together
and describe how it’s working. They feel that they have
done it, and they can actually tell us in detail about how
things are operating and functioning and we’re not the ones
who always know at all. What is going to happen? So that
way. I think that is how one tries to impart that sense
of ownership to students. I think because they quickly
become the experts compared to us.” Two mentors pro-
vided mentees with the bigger picture of the project and
their expectations. As Freida’s mentor explained, “She had
a project and it was very well specified that this was her
project. There was no one else working on it and again, I’'m
working with graduate students and postdocs. I made sure
they were not working on the project. So it was hers and
hers alone. We would sit down and talk about things, but if
you run into problems, I would often help her move
forward. But I tried always to make sure to have her
regurgitate things. It was her job to take, understand, and do
it herself” Some mentors described how their mentees
experienced freedom and trust. Caleb’s mentor said, “By
respecting and by giving them great freedom, that is, say if

he had ideas on how to do things I would say. Do it and
show me. I did not have to tell them this is how you do step
by step. In the beginning, yes. But it didn’t take long to get
going on his own and then come up with his own
improvements and extensions and research. And he was
very good at that. So I certainly think that encouraged him.
I think he liked that. I think he liked the research.” This
emphasizes how mentors can be open and honest with their
mentees and build a strong and trusting relationship.

2. Supporting mentees’ confidence and self-efficacy

Several mentors described that promoting mentees’
confidence is part of their mentoring philosophy.
Confidence was a term used by most of the mentees and
mentors and is very close to the construct of self-efficacy in
our study design. For instance, David’s mentor said, “Part
of my mentoring method is to get students to be confident
in themselves... Sometimes I want students to do things
that I can’t do, or I'm not really good at so that in itself
gives them a lot of independence because then they are the
expert in doing whatever and I'm the person. So they’re
kind of working with me as a real collaborator, rather than
just sort of an assistant. And then the other part of my
mentoring philosophy is to try to have a kind of inde-
pendence, where I have an idea where this research is going
to go. But sometimes, the direction changes a little bit when
I see what the students can do and what really gets them
interested in what they’re good at. I think that’s always kind
of fun because I always start out to summer with an idea of
what the project is going to be like, and sometimes it turns
out to be somewhat different.” This approach was a very
important part of supporting mentees’ meaningful contri-
bution and recognition, leading to increased self-efficacy
among mentees. It is worth acknowledging how autonomy,
self-efficacy, and scientific contributions interrelate in some
mentors’ statements. Some mentors explained how they
helped mentees become more connected to the STEM
community (e.g., professional presentations at the confer-
ences). For instance, Caleb’s mentor reached out to his
colleagues and introduced Caleb to the field.

V. DISCUSSION

A key takeaway from our study is that multiple factors in
the remote REU program impacted students’ psychosocial
gains and possibly their future career outcomes. In this
paper, we used the data from the REU students to develop a
physics and researcher psychosocial growth model within
the remote research experience to understand the various
factors that boost students’ SOB, self-efficacy, and physics
and researcher identity. When developing our model, it was
important to retain insights from Carlone and Johnson’s
science identity framework [84], such as competence
(“T can understand science”), performance (“I can do
science”), and recognition (“I am recognized by others
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as a science person”), as well as Hazari et al.’s framework
[83] for physics identity which includes students’ beliefs
about their competence and performance, and their views
on being recognized by others. For example, both models
highlighted the importance of recognition by self and by
others. These are two factors that align with our findings
and appear in Fig. 5.

Figures 2-4 zoom in on each psychosocial construct to
identify examples of how growth occurred during the REU
program. However, Fig. 5 is a zoomed-out model that
integrates these constructs and the multiple factors that
positively affect students’ psychosocial development. The
model also retains insights from the broader literature on
the impacts of undergraduate research programs on stu-
dents” academic outcomes such as clarifying career
decisions [10,30]. Our zoomed-out model of the REU
experience suggests it is harder to get recognized as a
physics person by other lab members and self in a remote
research experience (e.g., looking and acting like a physics
person in front of other lab members was not a possible
option). However, Fig. 5 captures other aspects of the
remote format that feed recognition by self and others.

and, respectively, physics and researcher identity and SOB to the

For example, becoming “more knowledgeable about phys-
ics and research group,” identifying their “strengths and
weaknesses,” and “producing new results for their project”
all feed self-recognition in our model and would be
examples of competence and performance in Carlone
and Johnson’s and Hazari’s models of identity.

Our new study aligns with findings from prior studies’
in SOB. First, previous research [54,97] shows that peer
interactions and mentor-mentee relationships can impact
students’ SOB. Again, due to the remote format, the
interaction between peers was diminished, and the form
of their interaction was different (e.g., online over Slack). In
this situation, mentors were the most significant relationship
within the undergraduate research experience as shown in
the bubble labeled “Approachable mentors with shared
interests.” Second, previous research on student SOB has
focused on the link between higher SOB and positive
changes in self-efficacy [31,54,55,98]. In our model, SOB
and self-efficacy overlap. These are closely linked to
mentees’ self-recognition (performance and competence).

Consistent with the results of several previous studies
that found recognition, interest, and performance or
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competence are significant predictors of physics career
choices [83,84,99—-101], we found that mentees who have a
high SOB, self-efficacy, and physics and researcher identity
had a strong desire to pursue a career in physics or research,
which was exemplified by an intent to apply to graduate
school. The lack of any of these factors shown
in Fig. 5 can usually result in a mediocre undergraduate
research experience. For instance, if mentees feel no
freedom and autonomy in their project (e.g., “just keep
repeating from former researcher”), they might interpret
this as not being trustworthy as a researcher, which is a
form of lower recognition from their mentor.

A. Self- and other-recognition

Bandura’s theory of self-efficacy involves a set of beliefs
about an individual’s capability to perform the actions
needed to attain a specified level of performance [60]. This
definition is aligned well with the component of Fig. 5 that
focuses on self-recognition and other recognition. As the
bubbles at the center of Fig. 5 show, we find that SOB
and self-efficacy change with mentees’ feeling of recog-
nition by self and others. Furthermore, these findings
are consistent with the evidence in multiple studies that
found performance or competence and other recognition
have a direct effect on physics identity [83,102]. First,
this perspective describes what factors impact the self-
recognition construct. The left-upper bubbles in Fig. 5 feed
directly into the self-recognition. As we discussed earlier in
the sense of belonging section and in Fig. 2, mentees who
had a lower-level of self-recognition reported lower-level
of SOB to their lab community. They mentioned their need
to produce potentially new results for their project to feel
stronger performance or competence, which is followed by
a higher-lever of self-recognition.

Many quotes showed that self-recognition was supported
by gaining more knowledge about physics and research
groups, knowing about their strengths (e.g., fast learner)
and weaknesses (e.g., need more background knowledge),
and producing new results for their project. After they
completed their projects and final presentations, quotes
included phrases such as, “I feel like I understand a lot of
the physics of what’s going on,” “able to learn and
understand the software and the simulation relatively
quickly,” and ““able to present my results to people and
show them, hey, I did this over the summer... these are the
results, and this is how it’s going to be helpful to my mentor
and his lab group.”

In the context of our study, other recognition refers to
how mentors and other members of the lab community
recognize a mentee as a physics person and a researcher.
Other recognition was supported by conversations between
the mentee and other group members, which also built trust
and comfort while communicating in the group. These are
the bubbles on the right-upper side of Fig. 5 that feed
directly into the other recognition. When Helen talked

about her lab community, she said, “They’re all willing to
talk to me about my project and research. They easily
bounce ideas off each other and it seemed their goal was
building knowledge not who’s right, who’s wrong, and
whose name is on what thing.”

Another example is Joshua’s mentor, who shared some
computer code with him to work on them. Joshua said,
“T feel I am trusted, so I will try my best to solve that
problem... I see when physicists revise the code, they will
add their name[s] [to] the code. So when I finish debugging
the code, I can add my name on it, [which can] occur
when I belong to the physics community.” Emma said,
“My mentor treated me like an equal, which is kind of
uncommon when I found working with anyone with a
doctorate degree when you” re an undergrad. That was very
nice. He also really trusted me to get things done, to have
my own ideas. He believed in my ability to do any physics-
related things which is not super common when people see
that I’'m doing instructional physics... He was just like,
here’s the project. Let’s do it.” She added any part that she
wasn’t sure of, she asked and her mentor taught her. We
have pointed out that this is a good example of how other
recognition for scientific contribution (Reliable and trust-
worthy) and self-recognition (Producing potentially new
results for their project) can lead to greater SOB, self-
efficacy, physics identity, and researcher identity.

During interviews with mentors, we classified their
mentoring philosophy responses into two categories:
“Giving mentees ownership and autonomy” and
“Supporting mentees’ confidence and self-efficacy,” which
interestingly fit within the factors that mentees mentioned
throughout their REU experience in Fig. 5. As we dis-
cussed earlier in mentors’ perspectives in Sec. IV D,
mentors supported and respected mentees’ autonomy to
guide and encourage them enough with their project (e.g.,
increase their sense of ownership), which also stems
from their trust in mentees’ ability to do research (other
recognition). On the other hand, from the mentees’ per-
spective, there was a connection between establishing a
trustful relationship and a higher-level of other recognition,
which lead to a higher level of SOB and self-efficacy. Caleb
described how his mentor trusted him to let him be an
independent researcher, “He just guides you enough that
you’re on the right track, but then gives you enough
freedom to kind of explore and figure it out on your
own... You feel like a good sense of accomplishment, like,
I really did this instead of he’s telling me what to do the
entire time.” According to mentors’ statements, giving
mentees autonomy and involving them in scientific con-
tributions often occurred together and could lead to more
self-efficacy and SOB.

B. Supportive mentors and lab groups

Our data showed that mentees” SOB is fostered through a
positive relationship and interpersonal connection with a
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mentor. These are the bubbles on the left-lower side in
Fig. 5 that feed directly into the SOB, separate from other
recognition and self-recognition. This result is consistent
with evidence in multiple studies that found mentor-
mentee interaction were significantly related to SOB
[25,43,56,58,103]. For instance, Hoffman et al., found
that students who had more interactions with their mentors
are more likely to “count on” their mentor for support,
guidance, and feedback which impacted students’ SOB
[103]. David described how his mentor’s attitude made him
feel belonging to the research community: “My mentor
treats us... in a very inclusive way and... He recognizes
and supports the accomplishments that we’ve been able
to do.”

Our results suggest that approachable mentors with
shared interests can help mentees feel more connected to
the lab community. For instance, Emma, who spent part
of the summer working on a physics education research
project, felt she had a common interest with her mentor
around “getting more people involved in physics and
helping people see that physics can be a path for them,
even if they come from a background with very little
science education. I think that I kind of connect more with
my REU mentor than I did with my previous (in-person)
mentor, who was also a little less approachable. He was a
little more intimidating and I don’t know if it’s just because
he doesn’t talk as much. But I'm like my REU mentor and I
get along a lot better.” Bruce’s supportive mentor helped
him overcome his imposter syndrome and have an
improved SOB in the community. During the first weeks
of the program, he was reluctant to ask questions and share
his results with his lab group due to “fear of looking
stupid.” By interview nine, he stated that after experiencing
the REU program and communicating with his mentor,
“I’ve become more comfortable and. .. become less stressed
about interacting with the community... I was also able to
ask questions online, essentially, so I’ll be able to ask my
mentors for help when I got stuck on something. They were
able to help me out a lot. They’re just able to give advice
that worked really well.” Besides, Bruce’s mentor added
that to provide a welcoming environment for REU students,
he tried to “reply back to him quickly.”

Some mentees stated that because of the friendly and
welcoming lab group community, they became more
comfortable with the level of their knowledge which led
them to become involved in scientific work and made them
feel a higher-level of SOB. Quotes in this part included
phrases such as, “feel open and comfortable,” “willing to
talk to me about my project,” “bounce ideas off each other
easily,” and “people in the group were all asking me
questions, but they were in such a friendly tone I felt very
welcomed into the group.” For these reasons, most mentees
had a positive feeling about their remote lab group
community, both emotionally and practically. In particular,
two mentees spoke about how everyone in their group

“wants them to succeed.” Grace said, “They’re trying to
help each other. It’s very collaborative, which I enjoy. It
feels a little bit more safe and open. I think it’s very success
oriented.” Such a supportive lab environment can provide a
space with more “other recognition” mainly through
scientific conversations.

C. Outcomes of improved SOB and self-efficacy

Literature on social cognitive career theory (SCCT)
seeks to understand how career paths develop among
students [104,105]. Self-efficacy is one of the constructs
in the SCCT map that can predict the link between higher
self-efficacy and career choices. It is assumed that students
with a higher level of self-efficacy in a specific field are
more likely to approach a particular field. On the other
hand, Hazari’s physics identity framework [83] asserts that
performance, competence, other recognition, and interest
impact students’ physics identity, which is a predictor
of their future career decisions. In our study (Fig. 5), as
mentees’ self-efficacy and SOB increase their physics and
researcher identity increases, which translates into a pos-
itive view of a research career and their future career
decisions. During the last interview, a majority of mentees
(N = 8) said the REU experience helped them understand
the nature of research work and aided them in figuring out
their interests. For instance, Ivan said he is more interested
in nuclear physics and astronomy now, but “before the
REU program, I did not even know what I was interested
in because there were too many fields.” Some mentees
remarked that their understanding of the research process
was improved after the REU program. They also believed
this experience increased their readiness for future career
decision making. Freida thought it was a positive experi-
ence because, “It helps me figure out where my interests or
figure out what type of research I would be happiest doing
and really reaffirm that this research is something that I
want to do. And it made me much more informed as to what
kinds of research options there are.” Andrew and Grace
both said that the REU experience confirmed their interest
in graduate school and further research. Andrew said,
“Because beforehand I was kind of like, I don’t know if
that’s gonna be a lifestyle I want to get into because I didn’t
know. I haven’t done research before so I didn’t really
know if it was going to be something I enjoyed or
something I was going to absolutely hate. So after doing
that I was kinda like, yeah, I really enjoyed this. I can see
myself doing that.” In addition, Grace added, “It opened
some doors for me, some thought doors and also doors to
other people.”

It is also important to emphasize the shifts in the
definition of a SOB from the small REU lab group to
the larger physics-research community as one of the results
of the good remote REU experience. For instance, Helen
said, “I think REU experience just gives me more con-
fidence to know what being part of a larger research group
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will look like when I’m thinking about grad school. I can
definitely like feel more confident because then I have
something to compare against or talk about and reference as
an experience. | actually know if I was to pursue that, what
it would look like.”

D. Comparison between remote
format and in-person format

Despite the unusual format of a remote REU, most of the
mentors and mentees found this remote experience to be
beneficial in the mentees’ psychosocial, academic, and
future career development. We found the mentees devel-
oped a greater SOB, self-efficacy, and identity after this
experience, which is likely to improve their academic
performance and possibly enhance persistence in the field
of physics. These outcomes are consistent with evidence
from multiple studies of in-person research experiences that
found higher gains in several areas (e.g., self-efficacy or
ability to work independently [28]).

In the early weeks of the program, several mentees with
prior in-person research experience expressed concern
about the remote format and how it might limit developing
relationships with other REU students, lab members, and
their mentors. However, the findings indicate that a number
of novel forms of communication happened during the
remote format to assuage these concerns (e.g., use more
instant communication such as Slack, text messaging,
social hours). Results from our study around how mentors
can help the mentees to gain more self-efficacy and feel a
stronger SOB to the community are similar to previous
studies around the role of the mentor in students’ desired
research experience outcomes [106—-109]. One goal of any
undergraduate research program is to develop mentees’
content knowledge and research skills. Our longitudinal
study found that during interviews, mentees often talked
about learning more from the literature and how to ask
questions. Indeed, half of the mentors specifically men-
tioned seeing growth in their mentee’s scientific skills.
These outcomes are consistent with several studies around
in-person UREs that reported higher gains in mentees’
research skills after partaking in an undergraduate research
program [6,15,18,23,28,77,110-113]. Interestingly, several
mentees appreciated the remote format of the program
(family time, flexible work hours, being more independent
researchers). For instance, having a flexible work setting at
home helped them to become more independent learners.
Both Helen and Grace learned a lot about how to be remote
independent learners and monitor their own time as a
beneficial outcome of the remote REU experience. Grace
said, “responsibility and time management into my own
hands, which I think is also very beneficial to learn. That is
the upside to the online. It’s a lot more personal time
management, being able to sit down and say, okay, this is a
workspace. I'm working right now, because we're all sitting
at home. I'm not leaving and going to an office desk.”

These outcomes are consistent with several studies that
reported higher gains in students’ research skills to work
independently after the undergraduate research program
[6,15,18,112]. Most mentees (N = 9) gained clearer ideas
about their future career goals. Some of them reported that
participating in this research program helped them gain
insight into applying to graduate school. These outcomes are
consistent with the evidence in multiple in-person studies
that found higher gains in students’ decisions around attend-
ing graduate school after undergraduate research experience
[8,14,15,28,111,112,114-117]. Some of mentees mentioned
that this remote research experience helped them to under-
stand the specific subfield of physics and the area of research
better and gained interest in related careers which are similar
to results of some previous literature [118-120].

VI. CONCLUSION AND IMPLICATIONS

This qualitative study was designed to provide a per-
spective on psychosocial and career decision outcomes
of mentees who participated in a remote undergraduate
research program in summer 2020. We created a psycho-
social growth framework based on our findings from this
study around sense of belonging, self-efficacy, and identity
and synthesized them with the broader literature on the
effect of research programs on students’ outcomes. This
model illustrates the most important factors contributing to
students’ psychosocial growth and a positive undergraduate
research experience.

Overall, comparisons between the outcomes of this
remote REU with published outcomes of in-person UREs
revealed many similar benefits of undergraduate research.
While the number of students participating in undergraduate
research has increased [4,116] there still may be significant
barriers to access for some students. REUs often require
students to travel long distances, which may pose significant
challenges for students with geographic constraints, family
obligations, or health concerns that limit travel. Our study
suggests that remote REU programs could be considered as a
means to expand access to research experiences for some
students even after COVID-19 restrictions are lifted. Remote
opportunities could expand the demographic of students
who would be able to participate and experience the
manifold benefits of undergraduate research. Such remote
opportunities should build in many supports that are known
to be effective for marginalized students, such as mentors
whose gender, ethnic, and racial identity reflects the diverse
student population.

VII. LIMITATIONS

The present study has several limitations. First, because
COVID-19 caused many 2020 REU programs to be
canceled, we had a relatively small population, and our
population did not include significant participation from
marginalized groups. Participants were self-selected by
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applying to REU programs. We did not have a large enough
pool of students to intentionally recruit study participants
from different backgrounds (e.g., first-generation college
students) or members of marginalized groups. Those
students who agreed to voluntarily participate decided they
had enough free time and energy to take part in several
interviews despite the significant stresses of the pandemic.
Possibly other students who declined to participate would
have had very different experiences. Our participants
and/or their families had sufficient resources to allow them
to devote a personal bedroom to serve a dual purpose as a
workspace. A dedicated remote workspace is a resource
that many college students did not have during the
pandemic. Future research should examine how different
levels of resources in the remote work environment (often
their home) affects students’ experiences and outcomes.

A second limitation is that we had limited data about
student experiences that led to negative changes in psycho-
social constructs. The majority of the questions in our
protocol were open-ended questions that permitted both
positive and negative responses. Perhaps this lack of
negative discussions resulted from our limited sample.
We recommend future studies should include more direct
questions about negative experiences, such as asking about
times when students felt excluded or unrecognized by their
mentor or research group.
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