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ABSTRACT Community college transfer students face numerous challenges, including
gaining access to undergraduate research experiences. In this Perspectives piece, we
articulate the benefits of undergraduate research experiences for community college
transfer students, some of the common barriers for engaging transfer students in
undergraduate research, and how 4-year institutions can address these problems
through the development of transfer-specific programs. We specifically discuss the
LEAP Scholars program, which we designed for low-income community college transfer
students. The LEAP Scholars program helped students learn about undergraduate
research through their participation in a science education course-based undergraduate
research experience and facilitated student access to undergraduate research experien-
ces in science faculty member research labs.
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D espite the fact that nearly half (49%) of bachelor's degree earners in the Uni-
ted States enrolled at some point in courses at community colleges, just 2.1%
of doctoral degree earners in science first earned an associate’s degree from a com-
munity college, meaning that few university faculty attended community colleges
themselves (1). While many factors influence this disparity, one barrier could be that
students generally have fewer opportunities to participate in undergraduate research
at community colleges compared to opportunities afforded to students who spend all
years at a 4-year research institution (2). Though research experience is not generally
an explicit requirement for attending graduate school in the sciences, the strength of
the applicant’s research experiences is evaluated in decisions of who is admitted into
science graduate programs (3-7). Furthermore, undergraduate research participation
predicts enrollment in science graduate degrees (8, 9). Therefore, compared to students
who start at 4-year institutions, community college transfer students who did not have
opportunities for comparable involvement in undergraduate research experiences may
be less competitive applicants for graduate programs and careers in the sciences.

There are many paths an undergraduate student may take that involve some level
of enrollment at a community college and subsequent transfer to a 4-year institution.
Here, we are considering those students who take the bulk of their lower-division
coursework at a community college and then transfer to a 4-year institution to complete
their upper-division degree requirements. In this Perspectives piece, we highlight the
potential impact of participating in undergraduate research specifically for commun-
ity college transfer students, describe barriers to their engagement in undergraduate
research experiences, discuss how course-based undergraduate research experiences
(CUREs) can counteract some of these barriers, and present one model of a specific
approach to supporting community college transfer students in undergraduate research.
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UNDERGRADUATE RESEARCH EXPERIENCES ARE A GATEWAY INTO SCIENCE
CAREERS

Undergraduate research experiences have traditionally been offered through an
apprenticeship model where students become members of a faculty’s research program
and are mentored by the faculty member or another senior researcher. Such research
experience is highly recommended for entrance into professional schools such as
medical school (3, 10) and is often considered by admissions committees for entry into
research-centered master’s and PhD programs in science, especially more elite programs
(3-7). Participation in undergraduate research can result in numerous affective and
tangible benefits, including improving students’ research practices, scientific knowledge,
and understanding of the nature of science (11, 12). Research experiences can also
support students’ self-identity as a scientist, inform students’ career goals, and increase
persistence in science majors and careers (11-17). Students in undergraduate research
experiences are often provided mentorship from faculty and/or senior researchers (e.g.,
graduate students or postdoctoral researchers) who can provide psychosocial support,
increase students’ professional networking, and provide letters of recommendation
for jobs or graduate applications (11, 14, 14, 17, 18). Given the breadth of potential
positive outcomes from participation in research experiences, all undergraduate science
students—even those who do not plan to pursue postgraduate degrees with research
components—are likely to benefit from research experiences. These experiences have
been recommended for all science undergraduates, and there have been calls for efforts
to ensure that students who start their degrees at community colleges are included
in these experiences (19). Many community college transfer students struggle when
making the transition to a 4-year institution: community college transfer students often
see dips in their grades (20), feel as though they do not belong in their science major
or at their universities (21), and many do not end up graduating with a bachelor’s
degree (22). Given the known benefits of research, participation in research activities
could directly alleviate many of the known challenges that community college transfer
students in science face.

BARRIERS FOR COMMUNITY COLLEGE TRANSFER STUDENTS IN UNDERGRAD-
UATE RESEARCH EXPERIENCES

Much attention has been given to increasing undergraduate participation in research
experiences for all science majors (19, 23, 24). However, there are many challenges
with the goal of equitably and effectively engaging students in these valuable
research experiences. First, there are limited undergraduate research positions in faculty
member’s labs. Since at most universities, there are more science students than
undergraduate research positions, faculty researchers have the power to select the
undergraduate researchers who they view as the “best” candidates for their lab (25).
This selection process privileges students who have more resources to prepare them for
such a position, such as extra time, motivation, and understanding the unwritten rules of
undergraduate research (26, 27).

Though there has been attention devoted to engaging community college students
in research (2, 28), community college science faculty are not typically expected to
conduct research as part of their official job description, so few have active research
programs that students can participate in (29). Therefore, community college transfer
students are often limited to finding research opportunities at 4-year institutions and
typically do not start these experiences until they transfer.

However, it can be difficult for transfer students to fit research experiences into their
curriculum during their final undergraduate years. Transfer students need to quickly
learn what research is, how research can benefit them, and the steps they need to take
to find, secure, and engage in an undergraduate research experience (26, 27). Though
the majority of students who participate in undergraduate research are in their junior
and senior years (30), students who begin at a 4-year university have their earlier years to
learn about research opportunities and decide whether they are interested in pursuing a
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research experience. These non-transfer students likely have more formalized orienta-
tions for conveying information about research and more opportunities in their courses
to engage with graduate students or faculty who can either become research mentors
or connect them to research mentors. Time to build connections with potential research
mentors is critical, given that students who find and secure research positions often do
so by talking with their professors, academic advisors, teaching assistants, and peers (27).
Given that research positions are often limited and entry into these positions can be
competitive, simply having more time to navigate the process of finding a research lab
can be extremely valuable. Unfortunately, community college transfer students are on a
tight timeline: if they do not immediately try to get a research experience in their first
semester—when they are going through the adjustment of a new, larger institution—
they may not be suitable candidates for most faculty who want students to join their
research labs for multiple years.

Even if community college transfer students can overcome these barriers to accessing
undergraduate research, they still may be disadvantaged in their ability to fully benefit
from these experiences. For example, if a transfer student, during their first term at a
4-year university, is able to quickly secure a research position in a faculty member’s
lab and begins by their second term of their junior year, they have a maximum of 1.5
years for their research experience if they plan on graduating at the end of their 2-year
post-transfer. Students reap more benefits the longer they engage in an undergraduate
research experience (31-36). For example, shorter research experiences leave students
with fewer opportunities to network, attend conferences, and present their research, and
less likely to result in inclusion as a coauthor on scientific publications (37). Additionally,
students with significant and high-quality research experiences are more competitive
candidates for graduate and professional programs (3, 6). Not only do faculty perceive
that students’ problem-solving, intellectual curiosity, and independence benefit from
additional time in research (35), but longer undergraduate research experiences are
predictive of students’ performance in STEM PhD programs (38).

Compounding this problem is the fact that community college transfer students, on
average, are disproportionately from lower socioeconomic backgrounds than students
who started their college experiences at a 4-year institution (39). Undergraduate research
positions are often unpaid, and even if students have opportunities to be paid as
researchers, they are often expected to first volunteer or do research for course credit
for multiple terms. This system naturally favors students from more financially privi-
leged backgrounds who can afford to spend their extracurricular time in unpaid work.
Community college students who are from low-income backgrounds may need to
balance time spent in research with higher-paid outside employment, spend more time
commuting to the university campus from areas with more affordable housing, and have
increased family responsibilities (40). This means in addition to having a shorter length
of overall participation in a research experience, low-income transfer students likely have
limited hours to spend in unpaid (or underpaid) research positions on a weekly basis.
This is a likely reason why low-income students are significantly less likely to be included
as co-authors on scientific publications from their undergraduate research experience
compared to higher-income students (37). Co-authorship on scientific publications
can be a significant advantage for applicants to postgraduate programs in science or
medicine, and if participation in research does not equitably offer this opportunity to
low-income community college transfer students, these students are likely systematically
disadvantaged in pursuing future science careers despite their research experiences.

COURSE-BASED UNDERGRADUATE RESEARCH EXPERIENCES CAN MITIGATE
SOME BARRIERS TO RESEARCH ACCESS

One approach to counteract the hurdles implicit in trying to obtain an undergraduate
research experience in a faculty member’s lab is to provide students with authentic
research experiences in the context of a formal course (25). Course-based undergraduate
research experiences engage students in authentic scholarship of a discipline and have
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been shown to yield many of the same benefits as independent research experiences in
faculty labs (41, 42). Some CUREs have been developed at community colleges, which
help address the disparity of research experiences for community college students (2,
43). However, as an academic community, we cannot burden community colleges with
closing the research participation gap for community college students who will transfer
to 4-year institutions. Access to research funding is often limited for community colleges,
and most community college faculty are not expected to do research as part of their
formal jobs (2). In contrast, faculty at 4-year institutions are often able to build upon
the research done in their lab (44-47), while sometimes leveraging the expertise of
graduate students and postdocs to aid in the administration of the CURE and related
research. Therefore, we posit that 4-year institutions should share in the responsibility
of ensuring that research opportunities are offered to undergraduates, particularly
community college transfer students, at scale.

CUREs available to community college transfer students as a first-semester course
after transferring to the 4-year university stand to provide a unique array of benefits.
First, a CURE offered during a student’s first semester at a 4-year institution eliminates
the need for transfer students to know the “unwritten rules” about engaging in research
(27), allows students to start a research experience immediately so they can maximize
the time spent in research, and can be designed such that students receive formal
course credit for the CURE so it is not something that they have to add on to their
normal coursework. Additionally, CUREs are known to build a sense of belonging and
community among participants (48-51). Therefore, engaging in a CURE in a transfer
student’s first semester may help protect against transfer shock at the 4-year institution.
However, CUREs alone may not fulfill research needs for students interested in pursuing
postgraduate education (e.g., medical school and PhD programs)—both in terms of
duration and in the possibility that postgraduate programs may weigh independent
undergraduate research experiences in faculty research labs more favorably than CUREs.
Therefore, facilitating access to mentored independent research experiences may also be
key to fully supporting community college transfer students.

OUR APPROACH: THE LEAP PROGRAM, A PLAN TO IMMERSE INCOM-
ING COMMUNITY COLLEGE TRANSFER STUDENTS IN UNDERGRADUATE
RESEARCH

We designed a four-semester long program specifically for supporting community
college transfer students in entering and succeeding in undergraduate research
experiences after their transfer to a 4-year institution. The development of this program
aimed to address two specific challenges: (i) science transfer students at our university
were participating in undergraduate research experiences at lower rates and (ii) transfer
students may not participate in research because of their need to work outside jobs.
Funded by the NSF S-STEM (Scholarships in STEM) program to specifically support
low-income, high-achieving students, we designed an approach to quickly introduce
students to research and help students maximize benefits from their research experien-
ces while providing them with scholarships. To participate in the program, students
needed a minimum community college GPA of 3.0, had to demonstrate financial need,
and be majoring in a science discipline. We did not accept applicants who had only
taken community college classes as supplemental to their high school curriculum. Most
students did not have any prior research experience, and prior research experience was
not considered for selection into the program. In some years, we conducted interviews
with potential student applicants, but any student who applied, met the minimum
selection criteria, and completed an interview was accepted. The program lasted for 7
years, serving a total of 50 students in five cohorts. The S-STEM grant funded students
for at least four semesters as they completed their science degree at the university and
continued to meet the program requirements (i.e., majoring in a science discipline and
participating in program activities). In many cases, the grant additionally funded scholars
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who needed an additional semester or two before graduation, which is common for
community college transfer students.
The program consisted of three activities, described below.

Science education CURE

During their first term in the program, scholars participated in a three-credit CURE that
engaged them in a real science education research project that they would continue to
participate in for the remainder of their time in the program as a one-credit course (52).
We chose to situate the CURE within undergraduate science education research because
it exposed students to science education literature and caused them to think critically
about the decisions that they and others make that impact their learning and collegiate
experiences, including their own experiences in undergraduate research experiences.
Additionally, some science education research methodologies are relatively accessible to
novice researchers.

Independent research experiences

After students learned about what research was and the associated benefits as
part of the CURE, they identified potential faculty research mentors related to their
own scientific disciplines. We then connected students with mentors and guided
students through the process of establishing these student-mentor relationships with
the expectation that they would work with that research mentor for the next three
semesters.

Receiving and then providing mentoring

Near-peer mentoring, where students who have recently navigated an experience act as
role models and provide support and mentorship to incoming students, is an approach
known to benefit the scientific development of both student mentors and their mentees
(53, 54). The near-peer mentoring approach can provide mentees with academic and
psychosocial support (54) while allowing mentors to further develop their confidence
and professional skills (53). In the LEAP program, incoming transfer students were paired
with a near-peer mentor (a second-year LEAP scholar) and met throughout the year to
discuss their academic and research progress as mentees navigated their first post-trans-
fer year. As students moved into their second year in the LEAP program, they were in turn
responsible for mentoring the incoming cohort of students. Peer mentors were tasked
with providing instrumental support to the incoming scholars in the CURE since they
worked on related research projects. Additionally, senior students voluntarily provided
integral psychosocial support for their junior cohort, helping them to navigate common
challenges that they themselves overcame just the year before.

We called this program the “LEAP” Scholars with the LEAP acronym highlighting the
focus of each of the four semesters: Learning about Research (taking a three credit
science education CURE their first semester and a one credit CURE each subsequent
term), Entering research (starting their independent scientific research experience in
a faculty lab in the second semester), Advising research (beginning to serve as peer
mentors to the next cohort of students), and Producing research (both finalizing
the science education projects and presenting their independent scientific research
experiences at a local poster session) (Fig. 1).

How did the science education cure benefit community college transfer
students and the research community?

There are three primary ways we noted that the LEAP Scholars benefited from the CURE.

Tangible research products

Because the science education CUREs were backward designed to maximize the
likelihood that the research project would succeed (55), every LEAP cohort was able
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Independent undergraduate research experience

Science education research CURE, project A

Science education research CURE, project B

Receive mentorship from senior LEAP cohort

Provide mentorship to incoming LEAP cohort

‘ Junior Y ear, Fall ‘ Junior Year, Spring ‘ Senior Year, Fall . Senior Year, Spring

Learning about Research  Entering Research

Advising Research Producing Research

FIG 1 LEAP Scholars program timeline. The top (dark blue) band represents participation in undergraduate scientific research experience in a faculty member’s

lab, the middle (light blue) band represents participation in the science education CURE, and the bottom (green) band represents receiving or providing peer

mentorship.

to publish the findings that resulted from their CURE research project in a peer-reviewed
journal (Table 1). In total, 40 LEAP scholars were included as co-authors on at least one
publication since they intellectually contributed to the research (56). Some students
highlighted these publications when they applied (and were accepted) to medical
and graduate schools. Some LEAP scholars only completed a single term, and these
individuals did not participate sufficiently in the projects to warrant co-authorship.

Increased metacognition about maximizing one’s research experience

Each cohort was expected to conduct a science education CURE research project on the
topic of undergraduate research experiences. Students agreed on one question for their
cohort to focus on, and we observed that they became more metacognitive about how
to maximize their own research experiences. For example, one cohort noticed the scant
literature on why students leave research and chose to examine what causes undergrad-
uates to exit their research opportunities prematurely. Scholars expressed that their
research topic helped them to later recognize common challenges in their independent
research experiences (e.g., being given too little structure early on in research), giving
them the foresight to troubleshoot the issues and persist in their experience.

Affective gains

Although we did not have the statistical power to systematically measure affective gains
or student retention owing to the small size of each cohort, we frequently heard from
students that they felt more like scientists after engaging in the CURE and that the LEAP
program was integral to the successful completion of their undergraduate degrees. They
expressed the sense of ownership they felt for their project, noticing how our research
ideas changed because of their feedback and how one individual’s comment could alter

TABLE 1 Summary of LEAP publications and student co-authorship

Topic LEAP student  Citation
co-authors’

Study 1: A survey of 768 undergraduate researchers at 25 research-intensive institutions to explore the factors that 14 (57)
students consider when deciding whether to stay in or leave their research experiences.

Study 2: An expansion of Study 1. A survey of 1,262 undergraduate researchers from students at 25 public R1s, 17 (58)
12 private R1s, 30 master’s-granting institutions, and 20 primarily undergraduate institutions to explore how
institution type predicts students’ decisions to stay in or leave their research experiences.

Study 3: A literature review (conducted remotely during the COVID-19 pandemic) to examine which student 17 (59)
characteristics and identities are reported and analyzed in education research studies on student outcomes from
undergraduate research experiences.

Study 4: An interview study to understand the experiences of low-income students who participate in independent 5 (40)

undergraduate research experiences in the natural sciences.

“In total, 40 unique LEAP student co-authors across all four publications.
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the direction of a project. Furthermore, the CURE built community among students,
with many ascribing their persistence at the university to the strong support system
they built within the CURE. These anecdotally observed outcomes are aligned with
research demonstrating that participation in similar support programs can be beneficial
in supporting students’ sense of belonging and retention in degrees (60).

The nature of the CURE benefited the LEAP Scholar community because of the
intimate collaboration the program fostered among diverse researchers. The community
college transfer students brought unique skill sets, backgrounds, and perspectives to
the research projects (61, 62). Informed by their experiences and perspectives, students
repeatedly brought ideas into the projects that the CURE instructors had not anticipa-
ted. These ideas were incorporated at every stage of the process: from generating
initial research ideas to validation of the surveys used to collect data, to analyzing and
interpreting data through their lived experiences. In this manner, the diversity of the
group not only helped to counteract the inherent biases of the larger research team (63),
but it allowed for a more robust approach to research with varied perspectives.

Finally, the research that was conducted through this program has changed what
we know about undergraduate research experiences. Namely, despite all the purported
benefits of undergraduate research, 50% of students across institution types consider
leaving their research experience (57, 58). Students make decisions about whether to
stay or leave based on factors including their lab environment, research mentors, and
whether they felt they were benefiting from the experience. We also found that few
studies on outcomes of undergraduate research experiences examine student identities
beyond race and gender; so the low-income students and community college students
on our research team saw that we were asking them to extrapolate data from a
population of students in the literature who may have very different lived experiences
compared to them (59). This led to an interview study of the experiences of low-income
undergraduate researchers, where we identified that participation in research can be a
costly activity for low-income students due to factors including outside employment,
commute, family responsibilities, and food and housing insecurity (40). Research mentors
play a pivotal role in mitigating or exacerbating these barriers to undergraduate research
participation for low-income students (40). In summary, these students were able to
contribute intellectually to the projects, and the projects were made better by having the
input of such a large, diverse research team.

CALL TO ACTION: UNIVERSITIES NEED TO BE ATTENTIVE TO RESEARCH
INEQUITIES FOR COMMUNITY COLLEGE TRANSFER STUDENTS

If starting a degree at a community college and later transferring to obtain a bachelor’s
degree in science is a path intended to prepare students to be competitive applicants
for future degree programs and science careers, we need to think about how we can
ensure that transfer students are receiving the same access to valuable experiences such
as participation in undergraduate research. Although there has been much attention
placed on reforming introductory-level programs, including by integrating CUREs into
the curriculum (64), a lack of equivalent focus for incoming transfer students may
exacerbate gaps in research preparation between students who start their academic
careers at universities compared to community colleges. For example, if students starting
at 4-year universities engage in CUREs in their first year and are subsequently able to
enter faculty research labs in their second year, they will be far ahead of community
college transfer students who transfer in their third year without research experience.
Therefore, focusing program improvements and curricular changes on first-year students
at 4-year institutions, while valuable, can inadvertently widen gaps for community
college transfer students.

To provide an equitable undergraduate education, we posit that universities must
be attentive to the needs of community college transfer students. There have been
efforts to develop CUREs at community colleges [e.g., references (65, 66)] and increase
community college students’ access to research, sometimes in partnership with 4-year
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institutions. In some cases, departments or individual faculty at 4-year institutions
actively connect with local two-year colleges to recruit community college students
into research internships at the 4-year institution (67). Larger partnerships leverage
feeder community colleges where many students transfer to the same 4-year research
institution and offer transfer support, mentorship, and cohort-building activities and
research opportunities for community college students pre- and post-transfer (68).
Additionally, some short-term research internships funded by the National Science
Foundation’s Research Experiences for Undergraduates program specifically recruit
community college students.

Even with these efforts, the lack of existing research infrastructure at community
colleges means that students are still unlikely to have equivalent research opportuni-
ties as their peers who start their degrees at 4-year institutions. Four-year universities
need to find ways to engage community college transfer students in research through
efforts such as developing CUREs specific for community college transfer students,
implementing upper-level CUREs open to anyone, or facilitating processes for pairing
community college transfer students with research mentors to do independent research.
One approach to accomplish this is to develop targeted programs, such as the LEAP
program, to provide these research experiences for transfer students. Many universi-
ties have programs to support transfer students who are interested in research and
take varied approaches to providing this support—for other examples, see programs
described by Chamely-Wiik et al. (69), Gamage et al. (70), and Zuckerman et al. (71). The
LEAP Program represents just one of a myriad of possible approaches, but it does have
the unique advantage of giving students not one but two extended research experien-
ces. We encourage universities to take the steps to invest in their community college
students through formalized programs and facilitated research experiences, which could
be through a science education research CURE.
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