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ABSTRACT

The benefits of undergraduate research to student
persistence and success have been established in
the literature. Less-studied, however, is the impact
of early exposure to research among students
from underserved backgrounds. This qualitative
study of undergraduates participating in a unique
summer research program uncovers the deeper
meaning of the overall experience for the students:
from the lab itself to the mentors, peers, profes-
sional development, socials, and the impact of
the program staff. Three major themes emerged:
(1) Early exposure to research is a foundation for
career direction; (2) Relationships with peers and
mentors are highly valued; and (3) Development
of skills leads to personal and professional growth
and confidence. Additionally, underrepresented
students described the value of having minority
role models and peers as well as the excitement
of continuing their research throughout their un-
dergraduate careers. A compensation package of
stipend and housing made a practical difference
for several of the participants. This study offers a
deeper understanding of these impacts through
the voices of the participants.

large body of literature supports au-
thentic research experiences as valuable
to persistence in STEM, deep learning,
STEM identity and self-efficacy (Eagan
et al., 2013; Linn et al., 2015; NASEM, 2017). Un-
dergraduate research is one of eleven high-impact
practices (that include experiential activities such as
internships, service learning, capstone projects, and
e-portfolio), educational strategies shown to foster

46 ELTHE Volume 6.1

deep learning and practical gains and have cumulative
and compensatory effects for underserved students
(Kuh, 2008). Moreover, early research exposure has
been shown to increase student persistence in STEM
(Altman et al., 2019; Graham et al, 2013; Nagda
et al, 1998). Yet, there are not enough authentic
research experiences for undergraduates (Graham
et al., 2013; Linn et al, 2015; Olson & Riordan,
2012), and fewer underserved students have access to
structured research programs (Hurtado et al., 2014).

Stony Brook University - State University of New
York is the flagship of the SUNY system. Its summer
undergraduate research program is highly competitive;
stipends are limited. With seed funding from SUNY, a
planning team was convened by the president, and led
by the vice provost for Faculty Affairs and Diversity,
Equity, and Inclusion. The team was comprised of the
vice provost and directors of two administrative units:
undergraduate research and career center. The existing
10-week standalone summer research experience for
high achieving students served as the model for this
new program, which would specifically target under-
served students with little to no research experience but
high interest in STEM and would develop a series of
professional development activities to create a sense of
belonging among the students and contribute to their
career readiness. Explorations in STEM Research had
four goals: (1) Facilitate the participation of underserved
undergraduates in STEM research; (2) Increase student
research skills, communication skills, and knowledge of
career options that prepare them for graduate school
and careers in STEM; (3) Increase student retention in



STEM fields; and (4) Expand and develop faculty-men-
tored undergraduate research across campus.

Ten students participated in the first year, 2013.
Students were matched with faculty mentors for a
fully immersive experience in research. A weekly two-
hour professional development series supplemented
lab time, involving faculty and students talking about
ethics in research, career options, and graduate school.
A poster session was held for participants to display
and discuss their work. The assessment plan utilized
formative feedback, an adaptation of the Survey of
Undergraduate Research Experiences III (Lopatto,
2007), an oral report and poster presentation scoring
rubric, and feedback from research mentors. Assess-
ments consistently demonstrate that the program is
achieving its goals. In 2019 the project team sought
to conduct a retrospective analysis of the program
with this research question: Does early exposure to
STEM research impact the development of STEM
academic, research, social, and career engagement
outcomes among students?

METHODS

A qualitative research method in the phenome-
nological tradition with a semi-structured interview
protocol (Bevan, 2014; Giorgi, 1995), was used to
understand the meaning participants derived from
their experience. Email invitations were sent to all 112
students/graduates who participated. Twenty-five
agreed to participate. Interviewees were diverse
(Black: 16%, Latin: 20%, Asian: 20%, Caucasian: 36%,
Multi-ethnic: 4%, and undisclosed: 4%). Almost half
of the interviewees were from the life sciences, nearly
half from physical sciences, with a couple of social

science and undeclared majors. Hour-long Zoom in-
terviews were conducted, recorded, and transcribed.
Interviewers asked nine questions to elicit memorable
experiences, influential aspects, perceptions on social
interactions, and professional development.

An inductive, thematic analysis approach (Clarke,
Braun, & Hayfield, 2015) was used to code tran-
scripts. The researchers independently analyzed the
transcripts for themes, then met several times to
discuss findings. Consensus was reached on themes.
Researchers then re-reviewed transcripts to code and
categorize, pulling quotes to support each theme.

Early Exposure is a Foundation for
Career Direction

The Explorations in STEM Research experience
clearly impacted career thinking and trajectory. A large
majority (92%) completed STEM degrees (i.e., engi-
neering, physics, biochemistry) and pursued graduate
degrees or jobs in STEM, achieving one of the goals.
Most participants described the program as a gateway
experience for a career in research and a springboard
to future opportunities. Several perceived the program
as a foundation because they had little to no previous
experience in research. For example, Gayle noted the
timing of that experience as formative:

“That's because that first summer research experience
showed me how much | enjoy it and how much | wanted
to be a part of my life forever.”

Tom described “an important butterfly effect,”
which gave him the opportunity to learn from peers

about research in disciplines different from his and
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exposure to science careers, including academia, competition, received state recognition, and prompt-
ed the application for a patent. At the time of the

interview, she was in medical school:

national labs, and industry. Marlene’s career path was
largely influenced by the program:

“If 1 didn’t do that program, I don’t know if | would have
gone into research afterwards or if | would have would
even have had the experience that would have enabled
me to get these jobs post graduating... | just kept on do-
ing research, and even after | graduated, | did research
for like four years... And then | started working at these
research labs and these major hospitals in the city. And
then | ended up getting my master’s in neuroscience.”

Donna described how being a member of a research
team prompted a shift in her career thinking:

"...helped me re-envision how | could be a contributor
to the healthcare field because originally, | wanted to
go to med school... | ended up getting my master’s in
mechanical engineering because | realized | could build
devices for people instead of just being a doctor.”

“Had | not done that program. | really wouldn't have
learned the skills that | did... Now I'm in clinical rotations
in the hospital... a lot of those skills that | just started and
really were kind of like molding at that point really are
valuable even till now that | was able to build those then
and kind of keep on building on them as | went forward.”

Relationships with influential others

Interactions between students and mentors were

shown to matter greatly. Diane conveys:

“What was most influential was definitely the relation-
ship | had with my PI. | feel like through the program, |
kind of did more than | probably would have done oth-
erwise.... The program set a standard of expectations
that | wouldn't have known, had | not gone through it.
The relationship | was able to establish with my Pl was

Mona Lisa highlights the benefit for students new to
research, which speaks directly to early engagement:

amazing to the point where | was able to continue that
relationship for many years.”

“That combination of it being a program that offers funding Mona-Lisa found having a female PI was motivating:
to students but also takes promising students who haven't
been in a lab before is like can really set up a lot of people "l think one of the most important aspects was my Pl
for success, who otherwise wouldn't have gotten involved.” who...was a female investigator who was really success-
ful, and | found that she was a very great role model in
Diane connected the experience to her senior engi- terms of explaining how the PhD process works and
neering design project, which won a regional business how she thinks about science. | just thought that the lab
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was a really nice environment to sort of get acclimated
because | worked in some other labs after that that were
not as welcoming.”

Lab colleagues were also mentioned as significant
and influential mentors. Donna remembers her grad-
uate mentor as being “%he most influential” and states
that he “gave me the skills to be able to adapt and succeed”
and helped her ‘%o really think better.” Chris described
the motivation that came from having graduate stu-
dents as lab colleagues:

“their level of confidence in what they were doing, and
mechanical engineering put me a little bit like in check.
like oh shoot... [I've] got a long way to go. | think that
just being around people who are successful and smart
pushes me a little bit to be better.”

A few respondents surprisingly had little to say
about faculty — one forgot the name of the PI and
another shared that there was limited contact with
the PI. April reported having difficulty relating to her
mentor because of age: “I saw her as more of like a grand-
mother cause she’s old.” The most negative report came
from a student who reported feeling left out because
the faculty conducted group meetings in a different
language. Feedback like this is concerning and will be
addressed in the recommendations section.

Several participants viewed the program directors
as mentoring influences, as Mark states:

"“The way that they ran the program | think was very in-
viting and collegial and interesting and not just willing,
but also interested to have a one-on-one relationship
with a student, which | thought was really inspirational
and motivational.”

Peer impact was mixed; some valued social inter-
actions while others mentioned networking, Those
who forged strong peer relationships seemed to
bond for other reasons (e.g, having classes together).
Relationships within the research group had more
influence than within the cohort.

The whole team and also the other students... was beyond
valuable and the program is really the people that made
the program and my cohort. | mean, they were all amaz-

ing students, they really were supportive and really helped
me think in different ways. And | think that was one of the
most valuable aspects of the program.” -Donna

"It made me feel like | wasn't going to struggle alone. |
wasn't in on this alone. It made me feel like there were
other people who were really trying to figure it out as
well. And then we could work together as a team, not
only to bond, but also to share experiences and to move
forward with the research study.” -Jeremy

Perhaps the most compelling statement reflecting the
importance of peer group came from a URM student,
Matlene, who shared:

| was very, very, very grateful for the opportunity be-
cause | was a minority in the program. | was kind of shy,
maybe to reach out to Pls and say, hey, | want to work
in your lab. | ended up doing it before, but | never had
my funding to just do a project on my own...I think that
there were other minorities in the program, and it made
me feel good because they were my peers, and | was like
oh my God is so cool that | get to see one of you guys
doing what I'm trying to do.”

Donna pointed to her long-lasting connections to
people in the program as bolstering the support and
confidence she built up through the program experi-
ence to help her reach her career aspirations:

“l am where | am now really because it's been a tribe of
people, mostly women, who've really helped me get
here and, you know, | wouldn’t have been able to meet
them if I didnt know how to network or if | was scared of
staying in my comfort zone.”

Skills Leading to Personal &
Professional Growth

Participants valued the personal and professional
skills they gained throughout the program: putting
themselves out there, becoming independent, work-
ing with a team, gaining professionalism, communi-
cation, presentation, and self-confidence.

“Resume review and career building as a freshman, it
was so important for me to be exposed to that because
it's so good to start early with that stuff.” - Joan
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Diane recalled critical thinking skills, communication, and
teamwork as contributing to success in medical school:

“The program really kind of pushed me towards building
skill sets that involved being able to communicate, be-
ing able to critically analyze and so it was that push that
I needed. | ended up having a more senior role in the lab
where | oversaw a couple of projects... Communication
skills, presenting skills, being able to work in a team col-
laboratively with other people; definitely important in
medical school. Now I'm in clinical rotations and that’s
really valuable to present patients to attendings.”

The program also prompted commitment
to coursework:

"l was more eager to take on projects... after that sum-
mer. As time went on, | started becoming more inde-
pendent until the point where now | am working on
something on my own...made me more driven when it
comes to academic classes” - Bobby

“[It] helped me a lot setting up a structure and sticking
to the schedule and being disciplined...| became more
motivated.” - Ben

Nearly every participant remarked about improving
speaking skills discussing science, literature, and re-
search, which built confidence.

“Being able to take something dense and being able
to transform that for the public. I think it's just one of
the greatest skills anyone can have and so actually I've
taken that and have continued to develop it...those
research presentations were the fundamentals of me
learning proper communication skills which, you know,
I'm still definitely learning, but it was very much so a pil-
lar.” - Donna

Many participants cited the practice and poster ses-
sion as impactful — often as a fear to overcome, and
leading to pride:

“Helped me be more confident in myself because I've
done it before, you know, especially in that environment
that was a lot more nurturing, and so | had the chance to
really mess up. You know, make my mistakes and learn
how to get better...Every year forthcoming | feel like |
was able to do so much better in every single presen-
tation that | had because | had the experience.” - Diane
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Gayle expressed that the poster presentation require-
ment was “very belpful in forcing me to have a very deep
understanding of my research” while Ben offered this
perspective on the value of peer practice:

"l get to see other people’s presentations and see how
professional they are and how much time and effort
they putinto the presentation and the poster and every-
thing, so if it was only my own | wouldn’t learn anything,
just practice my own way of presenting.”

Donna acknowledged the value of learning about
professionalism:

| will never forget. Leslie how, you know, she told us
to correctly give a handshake. It's something that sticks
with me to this day. So, when other people don't give
good handshakes, I'm like, | hear her voice in my head...
it's just lessons that I think have evolved along the way.”

Several remarked about growth, from getting
pushed out of their comfort zones to learning
about career services, building resumes, starting
professional networks, and improving their sense of
self-worth and potential for success. Tamara explains
that being accepted to the program conferred a sense
of legitimacy for her about her place in the lab:

“Just being confident that you know, like oh | deserve to
be there...the skills that you obtain in that summer will
follow you throughout college because you're putting this
program on your resume and it's part of your experience.”

Two students credited the program as a centerpiece
of their undergraduate experience:

"It was one of the highlights of my undergrad career be-
ing in that program.” - Diane

"“This experience with URECA Explorations in STEM has
been one of the greatest experiences of my life and |
constantly reflect on it because it makes me feel that
without these experiences | wouldn’t have been where
| am today.” - Jeremy

Compensation aspect

The compensation aspect of the program was
crucial. From 2015-2019, participants received a
$3500 stipend plus housing for the 10 weeks. In other



years, only housing was provided to students living
more than 50 miles away from campus.

“The only way | would have been able to do that was if |
got grant money, and so, if | hadn't gotten the Explora-
tions in STEM grant, like | would have went back [home]
and | don't know that | would have done science that
summer.” - Mark

Marlene expressed a similar sentiment:

"l would never have been able to do a research program
without being funded. If | wasn’t doing that program,
| would have been working like | do every summer just
trying to get finances in order...the funding was a huge
help because | was like, Oh, great, like, | don’t have to
work. | can just focus on this academic thing that’s going
to help me in the long run.”

One department sponsored several students’ sti-
pends. Having a cohort with unequal compensation
was perceived very negatively by one respondent,
April, who shared:

“Well, it just kinda sucked that | was a ___ major and so
I couldn’t get housing. So like, for me having to go [by]

train everyday just to like get to the program and go
back, and then other people would just have like their
dorm and stuff. So that was one thing | was kind of jeal-
ous of that | wish | had.”

Compensation also imparted a sense of respon-
sibility for students and mentors. Millicent described
the salary as giving her motivation to ‘“wise fo that
expectation.”

“Well, | think a bit of it was [it] let me feel like | need to
earn my salary, so you know, if I'm going to be getting
this grant weekly, | want to make sure that I'm putting in
the work to get it.”

Matlene echoed this sentiment, saying:

“because we're getting sponsored it feels like a very se-
rious project and have your Pl so invested in it.”

The campus offers multiple ways to be involved in
research: credit, volunteer, and paid. The emphasis
on funding summer research experiences through
the Undergraduate Research and Creative Activi-
ties (URECA) office and further emphasized with
Explorations in STEM allows students to immerse
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themselves in a faculty mentored research experience
without other responsibilities. Compensation appears
to impart a sense of responsibility in both the students
and faculty mentors. Because Explorations in STEM
admits students who are new to research, it fills a
niche on campus, helping students without previous
experience to get support early on, positioning them
to apply for more competitive research fellowships or
internships (on and off-campus) later in their under-
graduate careers.

LINGERING QUESTIONS
Is failure to persist in STEM a failure?

‘Two students who ultimately left STEM responded
that the program showed them that research was not
for them.

“| feel like it helped me academically by helping me in fig-
uring out what I don't like but also giving me a lot of ways
to set a foundation to what | really want.” - April

"It was a good experience, because it exposed me to a
side, you know, an option of my career. It made me re-
alize that it wasn't exactly the direction that | wanted to
gointo even though | enjoy what | was learning.”-Jennifer

While these examples do not support the reten-
tion goal, given that our program title focuses on
“exploration,” self-realization is also considered a
success. In fact, the inclusion of the career center
as a key collaborator from the beginning signaled to
students and faculty that the experience was intended
to promote self-reflection about the match between
laboratory, STEM careers, and personal interests.
Recent trends in career development point to the
application of a design thinking model to ideate and
prototype multiple career paths, strongly emphasizing
experiences to help validate career thinking or prompt
new directions (Burnett & Evans, 2010).

Whom: does the program most benefit?

Diane, who participated during her first and
second years, described the value of having this pro-
gram early, comparing her experience to classmates
who had experienced a “sink or swim” approach:
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I had so much guidance that | always felt like | knew
what | was doing and | knew what to do. And | knew
who to ask. So | really appreciated early on that | had
that support system that it made me just, | feel like |
launched ahead so fast, instead of having to figure it out
on my own and kind of struggle throughout. | was able
to just kind of go leaps and bounds forward.”

She continued:

“*Had | not done that program. I really wouldn't have
learned the skills... | wouldn’t be as strong aslamin a lot
of the research aspects, scientific aspects...that learning
experience, all that feedback back then when | was just
starting out...It influenced me and pushed me to where
[am now.”

Freshman/sophomores appeared to detive the
most benefit, though juniors who were underserved
in STEM or financially disadvantaged with no pre-
vious research also found the program to provide a
jump-start for their career. Marlene, who got started
in research in her junior year, reflected:

“So it was definitely influential like if | didnt do that pro-
gram. | don’t know if I would have gone into research or
if | would have even had the experience that enabled me
to get these jobs post graduation...with Explorations in
STEM, having that applying to jobs as a new graduate
student opened up a lot of doors because even if it was
something small, you know, you're exposed to it. You
know how a lab works... the doors open so much more.”

Donna, who joined as a freshman,
emphasized relationships:

“they were just always there as like a big support
throughout my whole undergrad experience.”

Although we might suggest that students who
participate as freshman/sophomores reap the most
benefits, it appears that the most significant consider-
ation for program eligibility is having little to no ex-
perience. As Craig put it, “the Explorations in STEM...
was for people that kind of showed aptitude but didn’t have the

experience, and that was me.”

Several of the research participants came from



the early cohorts, further demonstrating the powerful
impact of the program on students who discussed
this several years later. In addition to analyzing the
program through the lens of year-in-year, we consid-
ered the range of majors/disciplines. Does it work
to have biology students together with engineers? A
few respondents pointed out that some programming
talks/workshops were more geared for other majors,
but overall students enjoyed meeting people in other
fields and learning about their research.

With greater academic diversity comes the
challenge of designing programming that meets
everyone’s needs. For example, the Matlab workshop
was valued by some, but deemed too elementary
by others. The LinkedIn/resume workshop may be
more valuable for freshmen than for students with
existing profiles. Freshman participants may not be
ready for workshops that discuss graduate school.
Future iterations of the program will need to balance
these differing needs.

LIMITATIONS

This study has several limitations. The timing of
the interviews is one. For some, it had been a few
years since they participated in the program; rec-
ollections were not as deep as for those who were
more recent graduates. The sample size was small
compared to the total number of participants: of 107
total participants, we interviewed 23%.

We chose to include summer 2020 students in the
study; however, that year, the program was drastically
different. Students were entirely remote and only those
research experiences which could be done remotely were
approved by the university. While weekly professional
development sessions were still conducted, we acknowl-
edge that the sense of belonging in the Zoomiverse
may be lacking and wonder whether those students felt
similar levels of confidence after completion.

One last limitation is the timing of the study, as
we conducted this study during COVID. This created
scheduling issues, and the use of virtual interviews
may have impacted the comfort level of the partic-
ipants and the interviewer/interviewee interaction.
Body language, for example, was neatly unobservable.

Future retrospectives could include interviews
with students engaged in summer research at the same
time who were not part of the cohort-based program
with professional development programming. This
design could further clarify the impact of the cohort
model and programming elements.

RECOMMENDATIONS

This study has helped us understand the value
this program has had for students, and yet it also
unearthed some previously unknown challenges, such
as the issue with the faculty member who conducted
group meetings in a language other than English.
Orientation and training for the mentors have not
been part of our program, nor is this a part of the
traditional URECA summer research program. As
a result of this study, we plan to institute mentor
training with our faculty and graduate students who
will be overseeing the experience of these younger
undergraduates, and we will continue to refine our
midterm and post-program assessments.

The study can also help other campuses who
wish to increase student representation in and com-
mitment to STEM. Getting to students early — in the
first or second year — is so important, especially for
underrepresented students. Early exposure to re-
search will ignite interest, and more importantly, give
them early wins, where they can develop competence,
confidence, and a sense of belonging in the laborato-
ry environment. A cohort model will create the peer
group that may endure throughout the rest of college,
and perhaps into careers. This study also confirmed
that the principal investigator can serve as role model
and mentor, but also can de-motivate and exclude, as
we saw in one case. Mentor capabilities should not
be assumed, and training should be provided for all
faculty and graduate student mentors in mentoring
skills as well as equity and belonging.

It should also be noted that funding can make
the difference for students who would normally have
to earn an income in the summer. We were able to
increase the number of student participants by asking
academic departments to fund a couple of their own
students. We also identified additional support from
corporate and private foundations. Another sugges-
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tion would be to find an institutional partner, who
might help share the cost. Lastly, consider a pilot with
a small cohort. Collect data that will help demonstrate
impact, which could lead to larger grants.

CONCLUSION

The purpose of this retrospective qualitative
study was to understand the impact of eatly exposure
to STEM research on students’ academic, research,
social, and career engagement over time. Indeed, the
Explorations in STEM program was shown to be a
positive force in students’ excitement about STEM,
persistence in STEM, and STEM career choices.
Recommendations align with the findings: (1) Eatly
exposure to research can serve as a foundation for
career direction and a spark for STEM interest, (2)
Relationships with peers and mentors should be
purposefully nurtured because they matter to the stu-
dent experience, and (3) Skill development activities
beyond the lab will add value, build confidence, and
lead to professional growth. Moreover, the provision
of summer housing along with the stipend could
very well be the difference that helps students with
financial need accept the opportunity. Future itera-
tions of the program — or the development of similar
programs — should consider the inclusion of more
engagement with the mentors through customized
training based on level of mentoring experience as
well as delivery of some of the professional develop-
ment components of the program.

Related research has previously demonstrated that
access to structured undergraduate research programs
benefits underserved students (Graham, et al., 2013;
Hurtado et al.,, 2014; Linn et al,, 2015, Zydney et al.,
2002). This study confirms the benefit of early research
experiences (Nagda et al., 1998), and adds to the litera-
ture through its qualitative design that gets to the deeper
meaning that the experience had on the students. B
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